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Urbanization, one of the most pressing global issues, with all its concomitant 
consequences is engaging greater attention of the planners and policy makers today 
than ever before because the fiiture of the earth's ecosystem is increasingly influenced 
by the pace and pattern of this process. As the world is rapidly becoming urban, the 
urban areas in both developing and developed countries have been emerging as a 
major form of human settlement that are multiplying and problematically expanding 
worldwide. It is estimated that the world's urban population has multiplied tenfold 
during the past century, rising from just 14 per cent in 1900 to more than 50 per cent 
today. Urban areas, while occupying only a mere two per cent of the world's land 
surface, consume three quarters of the world's resources and generate a majority of 
the world's waste and pollution, contribute to global environmental problems such as 
resource depletion, reduction in bio-diversity, global warming and ozone layer 
depletion etc. 
The demographic situation of India is not different from rest of the world. Like 
the other developing countries, the urban population of India has also been rapidly 
increasing from the last few decades. It is estimated that nearly 28 per cent of the 
country's population living in urban areas records an annual growth rate of 2.7 per 
cent (2001). As the agricultural land can not support the entire population in rural 
areas, every day a massive stream of people from countryside are flowing into the 
urban centres. As a result, the demand for housing, energy and fransportation has been 
rapidly increasing that is considerably altering the essential resources such as land, 
air, water and natural vegetation and developing a climate which is distinct from that 
of extra-urban areas. Besides, it is also inducing changes in the spatial and fimctional 
distribution of land, its characteristics, growth and development etc. Consequently, all 
elements of the physical environment are changing and giving way to different types 
of environmental pollutions, urban heat island, amplification of heat waves and 
enhanced natural hazards such as floods, land slides and damaging storms etc. 
In the wake of these changes, the urban residents are often confronted by a 
wide spectrum of problems ranging from lack of sanitation, shortages of houses, 
worsening water quality, excessive air and noise pollution and problem of disposal of 
solid waste to exposure to hazardous synthetic organic chemicals in their air, food and 
water; they are taking a huge toll on human health and are contributing to social, 
ecological and economic instability. They have become the incubators and gateways 
for various infectious diseases. Beyond the traditional risks of respiratory, enteric 
infections and various vector-borne infections, residents, therefore, are often at risk 
from diseases and injuries associated with poor sanitation, unsafe drinking-water, 
dangerous roads, polluted air, indoor pollutions and toxic wastes etc. 
The urban environment which provides the life framework for a large and 
growing proportion of the world's population is currently facing severe crisis which 
seems to worsen unless decisive action is taken. Today, ecologically sustainable urban 
centres have become an essential part of our future survival. Before formulating the 
comprehensive policies and carrying out effective planning; it is prerequisite to study 
how the process of urban development from the past few decades has been affecting 
the environment as well morphology of an urban cenfre. This is why the geographical 
study of the problem has become important and imperative that will be helpful for 
academician and people engaged in decision making at government, economic and 
social level. 
Study Area 
Geographically, Delhi is located in between 28°24?17? and 28°53?00? north 
latitude and 76°50?24? and 77°20?37? east longitude. It has attained its altitudinal 
ranges in between 700 and 1000 feet in the northern plain of India. It covers an area of 
1483 sq. km. with maximum length and breath of 51900 km and 4848 km 
respectively. Situated on the both side of the River Yamuna, Delhi is flanked by Uttar 
Pradesh in the east and Haryana on the north, south and west. Physically, it is 'Land 
locked' as vast riverine plain of the sub-continent narrow down in this sector between 
the Thar desert-Aravalli barrier, projecting itself from the south-west and the 
Himalayan outliers thrusting themselves from the north and thus giving this area the 
character of a broad alluvial neck. The general slope of the land in Delhi, as 
evidenced by the main direction of the river Yamuna, is from north to south. A local 
watershed, which is perceptible to the west of the river divides the drainage system of 
the region into two sectors. The eastern region drains itself into the Yamuna, the 
surface water of the western region passes through natxiral depressions southward into 
the Najafgarh drain. Out of the Delhi's total area of 1483 sq. km.. Municipal 
Corporation Delhi (MCD) occupies an area of 1397.29 sq. km. (558.32 sq. km. rural 
& 838.97 sq. km. urban), containing 96.96 per cent of the total population while the 
rest is shared by New Delhi Municipal Council (NDMC) and Delhi Cantonment 
Board (DCB). For administrative purposes, the study area has been divided into 12 
zones namely City, Central, South, Karol Bagh, Sadar Pahargunj, West, Civil Line, 
Shahdara South, Shahdara North, Rohini, Narela and Najafgarh. The division of 
zones is neither based on population nor area, but only cultural parameters like 
railway line or high ways are considered as zonal boundaries. Each zone has varying 
number of wards. There are 134 wards in all. There is no pattern in the numerical 
distribution of the wards. 
Objectives 
The objectives of the present study are as follows: 
1. To study the physico-cultural, socio-economic and demographic characteristics 
of the study area which are considered as prerequisites for the process of urban 
development. 
2. To trace the evolution of urban settlement from pre-historical to modem period 
in order to analyze its impact on environment and morphology in the study area. 
3. To examine the nature and types of environmental pollutions and the factors 
responsible for its genesis. 
4. To assess the present level of different pollutants in spatio-temporal manner. 
5. To analyze whether controlling strategies are giving acceptable values or new or 
additional controls are required to achieve acceptable levels. 
6. To assess the changing morphological structure and the consequent changes in 
the social structure of the study area. 
7. To study general housing and environmental conditions of dwellings and their 
impact on the health of the people. 
8. To suggest some remedial measures for mitigating the existing problems and for 
sustainable urban development to provide a better place to live. 
Hypothesis 
The present study attempts to test the following hypothesis: 
1. Urban activities often accompany environmental degradation. 
2. There is a positive relationship between magnitude of pollution and urban 
population growth. 
3. Increase in the size of an urban area is directly related to its population growth. 
4. Land distribution and the intensity of its use depend on the rate of urban 
development. 
5. Morphological change often leads to a change in the social structure. 
6. The quality of houses and the indoor environment is determined by the 
population density. 
7. There is a direct relationship between quality of habitat and health condition. 
Significance of the Study 
Human condition in urban habitat has been degrading throughout the world 
and urban environment has become less livable and less attractive to the present urban 
residents. It is, therefore, desirable to evolve a philosophy of urban planning and 
formulate a set of plans and policies to create an urban environment congenial for 
human living. A geographical study of spatial interaction between the man and his 
environment at micro level will help in creating new insights to understand the gravity 
of the problem and will provide interesting material to social scientists, plarmers and 
decision makers concerned with the problems of the urban areas. It is with this 
intention that Delhi, having the highest percentage of urban population m India and 
also being a centre that has been witnessing rapid growth in urban population as well 
as urban area from the past six decades, has been selected for intensive study. 
Besides, it represents both modem and traditional features of Indian urban system in 
particular and of developing world in general. Considering this aspect, the present 
study highlights the problem of urban settings and prospects for the balanced 
development of urban area and its environment. 
This effort is devoted to study the impact of urban development on Delhi and 
consider it as an indicator of the large framework of the Indian urban system. It can be 
utilized to formulate comprehensive policies and planning with a geographical 
approach for proper urban set up that will be applicable at local, regional, national and 
intemational levels within the framework of a set of environmental features. 
Data Base 
The study is based on primary and secondary sources of data and has an exploratory 
design. The primary data is collected through field survey whereas the secondary data 
is obtained from government and quasi-govemment agencies and institution through 
published and unpublished reports, records and literature. An account of the sources 
of data is MCD Department of Economics and Statistics (GNCTD), CPCB, 
Department of Architecture and Planning (MCD), DDA, TCPO, Indian Habitat 
Center, CRRI, IMD, Town Directory of Census of India etc. 
Sources of Primary Data 
Primary data is obtained from field survey conducted from May 2004 to 
March 2005 with the help of a questionnaire (appendix-1). For the selection of wards, 
a multi-stage sampling method has been applied. In the first stage zones of the study 
area i.e. twelve in number, are taken into consideration and divided into four 
categories on the basis of density of population. This method is applied because the 
population density in the study area is highest among all the states and union 
territories in the country and is likely to be more representative of the existing 
problems. From each of the selected zone, 25 per cent of wards are selected with the 
help of purposive random sampling method. Wards are selected on the basis of their 
location in relation to transportation line, shopping complex, industrial areas etc. and 
from these selected wards sample of households is taken. The study has been limited 
to the heads of the households as it is assumed that the head of the family would be an 
ideal subject for measuring the different aspects of the household environmental 
problems. In all 5,949 heads of the household have been interviewed from 32 wards, 
forming 1 percent sample of the total household of the region. The strategy adopted to 
draw a representative household sample has been random. It is good enough for 
heterogeneous population scattered over large area. The sampled houses have been 
selected randomly without considering the appearance and location of the house or 
socio-economic consideration of its occupants. Information pertaining to households 
consists of general characteristics of the respondents, housing conditions, sanitation, 
environmental condition and health problems have been collected. 
Research Methodology 
The present study is based on both qualitative as well as quantitative methods. The 
data collected from the field survey and secondary sources have been organized, 
moderated, tabulated, analyzed and portrayed with suitable cartographic presentation 
using GIS techniques. The data analysis has been done with the help of following 
statistical techniques. 
The trend line is calculated by using Least Square method using Microsoft Office 
Excel 2003 for the original time series data of air pollution which has the following 
equation: 
Y = a + bX 
Where X and Y are variables and a and b are constants. 
The above equation of straight line is obtained with the help of the following two 
normal equations: 
l F = iV(a) + 6(ZX) 
1(7) =The total values of Y 
mXY) = The total of the product of the corresponding values of X and Y 
Z (X )^= The total of the square of the values of X and 
N= The number of pairs of values 
To make the assessment of air quality in different areas, the Exceedence Factor 
(EF) has been used i.e. the relative value of the ratio of observed annual mean 
concentration of an air pollutant with that of respective air quality standards. The 
EF is derived by following calculation: 
Observed annual mean concentration of air pollutant 
EF= 
AAQSfor respective pollutants and land use area class 
Seasonal variation in the concentration of pollutant has been analyzed with the 
help of the monthly average. 
To examine the diurnal variation in the level of noise pollution percent of 
violation has been calculated 
Observed value-Standard limit 
X 100 Standard limit 
To examine the level of solid waste pollution Collection Efficiency has been 
calculated in the fallowing manner 
Collected Waste 
x l O O Generated Waste 
To measure the association between housing conditions and health problem, the 
statistical technique, the Karl Pearson's CoefScient of Correlation has been used. 
The Coefficient Correlation is calculated with the help of the following formula. 
i:XY-0:X).(LY)IN 
r = VfSx' -(Lxf /A ]^[Zy' -(LYf IN] 
r = Coefficient of Correlation 
X, Y= the two given variables 
N = number of observation 
To find out significance levels, 't' test has been applied. It is computed with the 
help of following formula. 
(i-r') 
n= number of observation 
r= computed value of Coefficient of Correlation 
In order to measure spatial disparities the statistical technique i.e. Z score has been 
used to develop a composite score for each set of indicators in order to arrive at 
the general housing and environmental condition of the study area as a whole. It is 
a linear transformation of the original data in such a way that its mean becomes a 
zero and its standard deviation become unity. For observation ' i ' on any variable, 
the standard score is obtained with the help of the following formula. 
SD 
X= is the original value for observation (i) 
X = is the mean of the variable 
SD= is the standard Deviation 
The composite score is obtained with the help of the following formula. 
N 
CS=Composite Mean Z-Score 
Zij=Z-Score of the ith variable at jth unit 
N=Number of variables 
Chapter Scheme 
The entire study has been organized into eight chapters with the introduction 
in the beginning and conclusion in the end. The first chapter deals with the 
conceptual fi-amework including concept of urban area, urban development, 
environment, pollution, air pollution, water pollution, noise pollution, solid waste 
pollution, morphological change, land use and household . In chapter 2 an 
assessment of the study area by interpreting the physical parameters such as 
location, topography, drainage, soils and climate has been undertaken. The 
evolution of the town scape in its historical perspective and an account of 
demographic and socio-economic aspects are also detailed in this chapter. 
The air pollution in the study area has been discussed in Chapter 3. The 
chapter comprises of the sources of pollution, spatial variation in the concentration 
of pollutants at residential, industrial and traffic intersection and their annual and 
seasonal variation (pre-monsoon, monsoon and post-monsoon periods). 
Chapter 4 portrays the water pollution. It discusses the major contributors, 
overall situation of pollution load generation, sewage management, average 
annual & seasonal trend of pollutants in river Yamuna, water quality of lakes and 
reservoirs with emphasis on physico-chemical characteristic and ground water 
quality. 
In Chapter 5, the noise pollution and its major sources have been discussed. 
The spatial variation in the concentration of pollutants with special reference to 
residential, commercial, industrial, silence and heavy traffic zones has been 
explained. It also highlights the annual as well as diurnal variation of pollutant 
concentration. 
The solid waste pollution has been discussed in the Chapter 6. It deals with 
different types of solid waste including mxinicipal, industrial and bio-medical solid 
waste, its sources and physico-chemical characteristics. Zonal variation in 
generation, collection, characterization and disposal of waste is also discussed. 
Chapter 7 describes the morphology of the study area. It deals with the 
morphological characteristics of rural and urban areas with special reference to 
urban expansion, reduction in rural areas, change in urban and rural land use 
pattern, socio-economic structure, changing architecture, types of dwelling and 
resultant change in social structure. 
The housing condition with special reference to the type of dwelling units, 
morphological characteristics of the house, availability of living space, indoor 
environmental conditions-water supply, drainage system, domestic solid waste 
pollution, air pollution, water pollution and noise pollution and health profile of 
the people of Delhi have been detailed in Chapter 8. Relationship between 
housing conditions and indoor environmental pollutions and health problems has 
also been determined. 
Analysis and Discussion 
The study of environmental pollution with special reference to air quality 
reveals that the fresh air which was once the characteristic feature of the study 
area is no more clean. It suffers from extremely h i ^ levels of particulate air 
pollution, with level of Total Suspended Particulate reaching five times the 
maximum level recommended by Worid Health Organization. As far as the 
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sources of air pollution are concerned, the core of Delhi's air problem lies in its 
cumulative effects of great concentration of population, high density of vehicles, 
high levels of energy consumption and location of industries etc. Besides, the 
other potential sources include household combustion, construction activities and 
natural contaminants. The single most important source of air pollution in Delhi is 
found to be road transport that has modified the air quality inadvertently. The 
variation in the pollutant concentration (i.e. SO2, NO2, SPM and RSPM) is 
observed temporal as well as spatial. The peculiarity of spatial variation in the 
concentration characteristics of pollutants is mainly due to varying land uses 
activities. The air quality has been observed to show a marked improvement as the 
gaseous pollutants have been showing declining trend due to enforcement of 
stringent emission norms, relocation of industries, enhance use of clean fuels and 
better availability of public transport. The particulate pollutants (i.e. SPM, RSPM 
or PMio) have been showing increasing trend due to increasing number of 
vehicles, enhanced constructional work and power plants. The effect of 
meteorological factors has also been observed in the pre-monsoon, monsoon and 
post-monsoon periods. The pollutant concentration is observed to be moderate 
during pre-monsoon period, low in monsoon and high in post -monsoon period. 
An analysis of water quality reveals that the surface water as well as 
ground water has been deteriorating day by day due to increasing discharge of 
domestic and industrial waste. Rapid population growth accompanied by intense 
anthropogenic activities not only increased the demand of water but also 
significantly enhanced the discharge of pollutants in water bodies. Besides, due to 
big gap between sewage production and treatment facilities a significant amount 
of sewage having high BOD load is bound to flow untrapped. Consequently, the 
water quality of river Yamuna is in extremely deteriorated condition and not 
suitable for any designated use. Moreover, the water quality of lakes and 
reservoirs has also been deteriorating day by day due to waste water discharge, 
industrial discharge, open defecation and cattle wading etc. The water bodies in 
the study area are suffering firom high level of chemicals, pesticides, trace metals 
and low levels of oxygen. Similarly the ground water quality has also been 
deteriorating due to overexploitation of ground water, discharge of industrial & 
agricultural wastes and seepage from the sanitary land fill sites. 
In the analysis of noise pollution, the intensity of pollution has been found 
to be associated with increasing human activities especially transportation, 
industry, economic and socio-cultural activities. The volume and intensity of 
various noise making activities has been increasing day by day due to increasing 
concentration of population. It has also been observed that the noise levels in 
different parts of study area such as residential, industrial, commercial and 
sensitive areas shows distinctive spatial variation due to variation in land use 
pattern. The major sources of noise in residential areas are two, three and four 
wheelers, the hawkers, radio and television etc. In commercial areas two, three 
and four wheelers, buses and generators are the major source of pollution. The 
important source of pollution in industrial areas are industrial activities 
comprising of industrial power rolling, blowing, grinding, cutting, drilling, 
industrial power machines and heavy generators etc. The violation of standard 
limits (CPCB) has been observed in both day and night time mainly due to callous 
attitude of inhabitants and authority towards this pollution. 
The analysis of soUd waste pollution shows a significant increase in its 
generation. The quantity and characteristics of the waste have been found to be 
directly proportional to rapid population growth, increasing economic productivity 
and changing life style of the people. Municipal Corporation of Delhi responsible 
for the collection and disposal of wastes is unable to deal with the increasing 
quantity produced everyday. As a result, a major part of the waste remains 
uncollected and accumulates in the form of heaps at various locations within the 
inhabited areas. Moreover, the industrial and bio-medical solid waste has also 
been increasing due to increasing number of industrial units and expansion of 
health care facilities. The prevalent system of solid waste management in the 
study area is sanitary land fill sites. These land fill sites have been found to 
complete their operational period, but they are still in use by readjustment of 
garbage and ultimately overflowing that is increasing the environmental hazard. 
An analysis of morphological changes in the study area shows that the 
physical expansion of Delhi's urban areas took place mainly due to rapid 
population growth especially after the independence. In the initial stage, the 
pattern of sprawl has been found to be concentric that becomes lateral afterwards. 
The sprawl took place in a haphazard manner along and across the road. In the 
wake of this development, land use pattern and intensity of land use of both urban 
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areas and rural areas has also been experiencing major transformation. In addition, 
the study area has undergone remarkable changes in the architecture, mode of 
arrangement of roads, streets and flyovers, location of residential, commercial, 
administrative and other functional areas. In the wake of changes in physical 
morphology, the social morphology of the study area has also been changing 
especially in terms of type of dwelling, family structure and social values etc. 
Thus the hypothesis third which states about the positive relationship between 
population growth and increase in the size of urban area, is accepted in this 
chapter. 
In the analysis of the impact of urban development at household scale it 
has been foxmd that the condition of housing especially the size of the dwelling 
and the quality of indoor enviroimient are dependent on the overall density of the 
concerned area to a considerable extent. One or two room houses are very 
common in very high and high density areas whereas comparatively spacious 
houses are found in medium and low density areas. The conditions of houses in 
high and very high density areas are found to be far from being satisfactory. They 
are constructed in close proximity to each other, allowing poor ventilation, kitchen 
and sanitary system. Poor quality of indoor enviroimient has been observed to be 
very common in high density and very high areas as compared to medium and low 
density areas. As far as the impact of poor housing and indoor environmental 
pollution on human health is concerned, diseases associated with poor housing 
condition, air pollution, water pollution and noise pollution are mainly observed in 
high and very high density areas whereas the diseases associated with solid waste 
pollution, poor drainage system and water pollution are observed in low density 
areas. Diseases associated with poor housing and indoor envirormiental conditions 
are also found in medium density areas but the situation is comparatively better. 
Suggestions 
In the foregoing discussion, it has been realized that the complexity of 
urban development is so dramatic that it demands immediate attention and 
perspective physical planning. In order to improve environmental quality, the 
following measures need to be taken for different types of pollution: 
In order to control air pollution various controlling measures such as 
certification programme incorporating testing of new automobiles under 
controlled conditions at the manufacturer's facilities, the Inspection and 
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Maintenance (I & M) system for commercial and non-commercial vehicles, use of 
particulate filter in the exhaust system of diesel vehicles, curbing fiiel adulteration 
with the help of The state- of-the-art testing facilities and deterrent legal action, 
augmentation in Mass Rapid Transport System (MRTS), construction of fast 
motorways to enable transit traffic to pass unhindered, upgradation of traffic 
management systems and expansion of the network of synchronized road signals, 
development of dedicated lanes and related infrastructure to facilitate bicycle 
movement as part of the transport network, prohibition of open 
incineration/combustion of dry leaves, old tyres, rags, plastics, paper waste and 
garbage, enhance use of clean fuel LPG for cooking and CNG for transportation, 
encourage to use high efficiency kerosene stoves and improved stove, 
discouraging narrow street lined with tall buildings etc need to be undertaken. To 
control industrial pollution, special controlling measures like cleaner technologies 
of production, promotion of environmentally benign substitutes, technologies and 
conservation of energy are required to be thrusted further by adopting appropriate 
fiscal incentives coupled with shift on prevention of pollution, hi addition, the 
appropriate control technologies such as absorption processes, incineration, 
condensation to remove VOCs, use of baghouses, cyclone separators, electrostatic 
precipitators (ESPs) and scrubbers etc may be used to remove particulate matter, 
nitrogen oxides and sulphur oxides from the polluted air. 
To control water pollution various controlling measures such as 
strengthening of waste water collection, transportation and freatment system, 
decentralization of sewage treatment facilities by providing treatment facilities at 
residential colony levels, avoiding mixing of industrial effluent with domestic 
wastewater for the effective fimctioning of sewage treatment plants, providing 
toilet facilities connected with sewer lines in slums and Jhuggi & Jhonpri 
colonies, equipping sewage freatment plant with disinfection system, restriction 
on disposal of garbage, solid, semi-solid waste into river and drains, reuse of 
treated sewage water for air conditioning, industrial cooling and other non-potable 
uses and separate maintenance & operation of effluent freatment plants for 
industries to meet the specific waste water discharge norms etc need to be 
implemented. Moreover, there are various ways and techniques for prevention and 
confrol of water pollution such as stabilization of ecosystem, reutilization and 
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recycling of waste and removal of pollutants through various physico-chemical 
techniques. 
The solution to noise pollution may include one or a combination of the 
measures like source control (source modification such as acoustic treatment to 
machine surfaces, design changes, limiting the operational timings and so on), 
transmission path intervention (containing the source inside a sound insulating 
enclosure, construction of a noise barrier or provision of sound absorbing 
materials along the path), receptor control (protection of the receiver by altering 
the work schedule or provision of personal protection devices such as ear plugs 
while operating noisy machinery) etc. In addition, there are some other common 
measures to control noise pollution such as restriction on movement of vehicles 
and high traffic density to the inner arterial road in the residential areas, 
prohibition on use of pressure horn in vehicles in inhabited areas especially in the 
night time, construction of residential colonies with such an architectural design 
so as to reduce the level of noise reverberation, encouraging vegetation buffer 
zone and road side plantation, restriction on unorganized, highly congested 
commercial activities very near to the residential colonies, generator should be 
fitted with acoustic hoods, industrial machines should be restricted by providing 
proper vibration isolators, damping material, designing, maintenance and 
silencing devices and other noise generating sources like public address system, 
use of music systems and loudspeakers on an occasion of public functions, 
religious festivals and marriage should not be allowed in the night hours and it 
should be kept preferably within the prescribed ambient noise level standard 
limits. 
The problem of solid waste pollution could be improved by adopting 
measures such as practice of house to house collection system by using 
containerized handcart, removal of many open collection spots, placing collection 
bins at an appropriate interval (100-300 meters), installation of closed container or 
dumper placer bins at various locations, use of separate colour code for 
biodegradable and non-biodegradable wastes, adaptation of source specific 
collection systems, separate collection system for slaughter houses, horticulture, 
demolition, market and commercial wastes at identified fi-equencies, segregation 
of dry and wet wastes at the source, development of green beU around the landfill 
sites to avoid soil erosion, consideration of geological and hydrological 
13 
characteristics of the site in the selection of landfill sites and providing facilities 
such as liner at the bottom, fencing, lighting, weighbridge, leachate collection and 
gas venting system, restriction on the mixing of biomedical and industrial wastes 
with the mvmicipal solid waste, encouraging participation of NGOs, local citizens 
and private organizations to achieve an effective operational efficiency of solid 
waste management system and spot fining system should be introduced to 
discourage littering habits. Besides, some innovative methods of dealing with 
solid waste can also be found in modem technology such as Vermiculture and 
Pelletisation etc. 
In order to control the haphazard expansion of urban area on the cost of 
fertile agricultural land and rapidly changing land use pattern, some suggestions 
would help such as urban development of Delhi should be made a part of regional 
planning based on resource requirement, economic viability, optimum 
productivity, cultural growth and sustainable development of environment. 
Various regional plans should be framed for the different parts of the surrounding 
states. Within each region, through industrial and zoning policies, attempt should 
be made for the total development of an area rather than a partial development that 
would help to reduce population pressure in Delhi. The ring towns should be 
developed as self contained units in the matter of work place and residence to 
reduce constant inflow of people from outside. Further, to encourage development 
away from Delhi, the economic and physical advantages enjoyed by Delhi should 
be provided to other urban centres in the surrounding states. The existing rates of 
taxes, incentives and subsidies should be revised so as to make them more 
favourable for growth of towns in the National Capital Region and even beyond 
its periphery. The quality of infrastructure, at least in respect of commxmications, 
education and housing should be upgraded in the entire region, (more so in urban 
centres within the zones of Delhi) to encourage people to reside there rather than 
commute to and from Delhi. 
In order to provide a healthy residential environment and minimize the 
adverse impact of poor housing and indoor environmental conditions on the 
inhabitants, measures like minor alteration, modification and elimination of over-
crowded dwellings, proper infrastructural facilities, provision for recreational 
facilities for improving the habitat quality need to be undertaken. By providing 
families with access to recreation, certain health problems such as stress and 
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infectious disease could be reduced that in turn will lead to improvements in 
physical and mental health. 
No environmental programme can succeed without mass awareness and 
right perception about various aspects of environmental problems at community 
level. By launching various action programmes and a number of public awareness 
activities through massages, articles newsletters, pamphlets, magazines, television, 
radio, internet and through workshops, summer coiirses, exhibitions, display and 
pollution control camps etc., we can go a long way in the protection of the 
environment. 
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Urbanization, one of the most pressing global issues, with all its concomitant 
consequences, is engaging greater attention of the planners and policy makers today 
than ever before as the future of the earth's ecosystem is increasingly influenced by 
the pace and pattern of this phenomenon. By the end of this year, for the first time in 
history, humanity will officially cross the line firom being a rural to an urban species 
and in the coming few years more of us will live in urban areas than in the 
countryside\ As the urban living has become the keystone of modem human ecology; 
the urban areas in both developing and developed countries are emerging as a major 
form of human settlement that are multiplying and problranatically expanding 
worldwide. 
The present scale of urban development ensures the consequences of the 
process to be global from being local previously. Urban areas, while occupying only a 
mere four per cent of the world's land surface , consume nearly three quarters of the 
world's resources and generate a majority of the waste and pollution, i.e., the areas 
typically draw on resources from all around the world, rather than from just their local 
region and the pollution they generate is dispersed worldwide contributing to global 
environmental problems including resource depletion, reduction in bio-diversity, 
global warming and ozone layer depletion etc. In particular, it significantly influences 
the function of eco-system through increased fragmentation and degradation of 
natural habitats, vast simplification of composition of species, large disruption of 
hydrological systems and drastic modification in energy flow and nutrient cycling. 
Changes in ecological conditions that result from these processes affect the quality of 
the global environment and ultimately people's health and well being. The 
voraciousness of the problem is only likely to enhance as urban growth rate increases, 
particularly in the less developed countries. 
As far as the urban development in India is concerned, the situation is not very 
different from the rest of the world. By and large it is still a rural country, however, a 
process of rapid urban development is already making stride in the form of the growth 
of big cities and urban agglomerations. As the agricultural land can not support the 
1. Population Division of the Department of Economic and Social Affairs of the United Nations 
Secretariat, World Population Prospects: The 2006 Revision and World Urbanization 
Prospects: The 2007 Revision, June 25, 2008. 
2. Albert, M. et al., "Urban Landscape Patterns and Global Environmental Change: Complex 
Dynamics and Emergent Properties", IHDP, Newsletter 2, 2006, p. 5. 
3. Blowers, A. and Pain, R., "The unsustainable City", in Pile, S., Brook, C. and Mooney, G., 
Unruly Cities? order/ disorder, Routledge, London, 1999, p. 249. 
entire population in rural areas, every day massive stream of people from the rural 
areas are flowing into the urban centres. Consequently, the urban areas have been 
springing up from the countryside in very short time often without much planning or 
restriction on land use resulting in unprecedented and unplanned urban development. 
The expansion of the urban areas in response to the increasing demand of people for 
various infrastructural facilities is considerably altering the essential resources such as 
land, air, water and natural vegetation and developing a new eco-system in which 
build up areas, complex geometry of surface, particular thermal and hydrological 
properties of the urban fabric, heat from metabolism and various combustion 
processes and toxic pollutants from industries and motor vehicles create a climate 
which is distinct from that of extra-urban areas. As a result, all elements of physical 
environment specially wind speed, air turbulence, relative humidity, temperature, 
radiation, rainfall, chemical composition of the ambient air and physico-chemical 
composition of water are changing and giving way to different types of enviroimiental 
pollutions, urban heat islands, amplification of heat waves and intensification of 
natural hazards such as floods, land slides and damaging storms etc. 
Moreover, urban development is also inducing changes in the spatial and 
ftinctional distribution of land, its characteristics, growth and development, hi spatial 
terms such changes are manifested in increased densification of developed areas, 
rapid development of building activities on vacant sites, conversion of agricultural 
land into various non-agricultural uses and increase in residential, industrial, 
commercial, institutional, transportation and recreational areas etc. that are also 
putting tremendous pressure on the physical environment of the urban centres. 
hi the wake of these changes the urban residents are confronted by a wide 
spectrum of environmental problems ranging from a lack of sanitation (with exposure 
to human excreta and unsafe drinking-water), shortage of houses, worsening water 
quality, excessive air and noise pollutions, problem of disposal of solid waste and 
exposure to organic and inorganic chemicals etc. As a result, urban population has 
become the incubators and gateways for infectious diseases. Large urban centres 
typically combine the traditional environmental health problems of poverty and 
various physico-chemical hazards. Beyond the traditional risks of respiratory, enteric 
infections, and various vector-borne infections coupled with those of poor housing 
quality and imregulated industrialization, residents are often at a risk from diseases 
and injuries associated with poor sanitation, unsafe drinking water, polluted air, toxic 
wastes, dangerous roads and traffic hazards that take a huge toll on human health and 
contribute to social, ecological and economic instability. 
The urban environment which provides the life framework for a large and 
growing proportion of the world's population is currently facing severe crisis which 
seems to worsen unless decisive action is taken. Ecologically sustainable urban 
centres based on rational, social and technological transformations including 
adaptation of eco-friendly technologies, synergetic integration and co-evolution 
among the economical, socio-cultural and envirormiental elements, expanding the 
provision of education and training and an enhanced role for the state as a modem, 
efficient and transparent institution that can ensure the urban residents a better and 
healthy environment is need of the hour and an essential part of our future survival. 
To achieve this, a proper understanding of the existing problems with geographical 
approach is required. 
Before formulating comprehensive policies and carrying out effective 
planning that would ameliorate the existing urban environmental problems and larger-
scale envirormiental health hazards; it is a prerequisite to study how the process of 
urban development affects the envirormient as well morphology of an urban centre. A 
study of the emerging pattern of urban development in its total context will reveal the 
cause and effect relationship of its pattern and processes and the overall change the 
urban area is undergoing. It would help to develop a desired form and structure for the 
urban centres that would evolve over a few decades by sustained planning and action 
based on a thorough geographical analysis. This is why the geographical study of the 
problem has become important and imperative both for academicians and people 
engaged in decision making at government, economic and social level at present. 
Many concerted efforts have been made by the geographers to study the 
process and pattern of towns and cities and other related themes but there are only few 
studies in which the problem related to environment and morphology has been tackled 
together. Some of the important works have been reviewed in sequential manner. 
Review of Literature 
In the historical perspective, the work on urban areas dates back to the 
writings of the Greek scholars but it has reached its present-day status in the past few 
decades. The pre-20"' century studies primarily concerned themselves with themes of 
location, size and shape of the cities. The initial findings were strongly subjective, 
descriptive and depended largely more on observation such as the works of Hassert 
(1907)' and Blanchard (1911)^ In the succeeding years, the conceptual framework of 
site and situation was criticized by Aurousseau (1924)^  and Crowe (1938)" and they 
initiated the concept that cities are not inanimate objects in landscape, rather organic 
elements which involved people and their environments. Afterward, urban geographic 
studies received a fillip with the work of Taylor (1946)^  who studied and provided 
structural outline for the study of towns. Firey (1947)^  demonstrated that land use 
arrangements is determined by values and attitudes held by the city residents and the 
resultant actions in the selection of locations to satisfy these values and attitudes. The 
pattern and trends of urban development have been examined in their regional setting 
at the macro and micro level by various geographers. Hirt (1952)^  described the urban 
morphology of Aligarh and Karan (1952)* of Patna and Jamshedpur. The publication 
of R.L. Sigh's pioneer work "Banaras-A Study in Urban Geography" (1955)' 
revolutionized the urban studies in India and provided firm grounds for the 
geographic study of towns and cities afterwards. Crane (1955)'° and Karan (1957)" 
19 
analyzed the urban scene of India at macro level. Singh and Singh (1956) for the 
twin township of Dehri-Dalmianagar have attracted the attention of urban geographers 
for their morphology and jand use studies. Hoselitz (1959)'^  in his study pointed out 
the problems of congestion, s\jbstandard housing complexes, slums and lack of 
amenities in Indian metropolitan cities and found rapid growth of population and 
density as the obvious cause of such substandard development. 
1. Hassert, K., Die Stadte Geographisch Betrachect, Leipzig, 1907. 
2. Blanchard, R., Grenoble: Etude de Geographic Urbanine, Paris, 1911. 
3. Aurousseau, M., "Recent Contribution to Geography: A Review," Geographical Review, 
14,1924, p. 444. 
4. Crowe, P. R., "On Progress in Geography", Scottish Geographical Magazine, 54,1938, 
p. 1-19. 
5. Taylor, T. G., Urban Geography, E. P. Dutton, New York, 1946. 
6. Firey, W., Land Use in Central Boston, Harvard University Press, 1947. 
7. Hirt, F. J., "A Study of Urban Geography of Aligarh", The Geographer, Vol. 5, 1952, 
p. 24-27. 
8. Karan, P. P., "Patna and Jamshedpur" Geographical Review of India, Vol. 14,1952, p. 107-13. 
9. Singh, R. L., Banaras- A Study in Urban Geography, Nand Kishore and Sons, Varanasi,1955. 
10. Crane, R., "Urbanism in India", The American Journal of Sociology, Vol. 60, No. 5, 1955, 
p. 463- 470. 
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Sen (1959)''^  in his study used occupation of the people as the basis for identifying the 
functional zones of a city. Alam (1965)'^  and Singh (1966)'^ provided systematic 
appraisal of urban landscapes of Hydrabad-Secundrabad and Allahabad cities 
respectively. Mayer and Kohan (1967)'^  analyzed the morphology of towns and cities 
at different levels. Mehta (1968)'* in his, study of the residential patterns of Poona 
used four indices - index of residential dissimilarity, index of segregation, index of 
centralization and index of low rent area concentration. He found that the pattern 
differs among the various groups because of differences in the ability to afford 
housing, amenities, prestige, cultural preference and maintenance. Smaile (1969)'^  
analyzed the structure of hidian cities with historical perspective and outlined its 
morphological elements. Breese (1969)^ '^  took notice of some differences between 
Indian cities and Western cities. Highly imeven distribution of population in different 
areas, mixed circulation pattern and highly mixed land use are some of the distinct 
features of the Indian cities. Singh (1971) '^ made a comprehensive study of 
morphological characteristics of Patiala. Berry and Spodek (1971)^ ^ in their studies of 
different cities of India highlighted the role of socio-economic conditions in the 
spatial pattern of residential area. 
A new impetus to urban geography came from the Stockholm conference in 
1972 which emphasized on the importance of environment and its protection and led 
the urban geographers to think over and analyze the problems associated with the 
urban environment. Since then large number of papers have been contributed by 
geographers on various themes of urban environment. Ghosh and others (1972)^ ^ 
made a detailed study of Calcutta with special reference to the land use pattern, 
14. Sen, A. K., "Techniques of Classifying the Functional Zones of a City", GRI, 21, 
1959, p. 37-41. 
15. Alam, S. M., Hydrabad-Secundrabad (Twin cities)-A Study in Urban Geography, Allied 
Publ. Bombay, 1965. 
16. Singh, U., Allahabad-A Study in Urban Geography, BHU., Varanasi, 1966. 
17. Mayer, H. M. and Kohn, C. F., Reading in Urban Geography, Central Book Depot, 
Allahabad, 1967. 
18. Mehta, S. K., "Pattern of Residence in Poona", JS, No. 73, 1968, p. 496-508. 
19. Smailes, A. E,, "Urban System", Geographische Zeitschrift, Paris, 1969, p. 57. 
20. Breese, G., Urbanization in Newly Developing Countries, Prentice Hall of India, New Delhi, 
1969. 
21. Singh, B., "Urban Morphology of Patiala, Punjab", Geographical Review of India, Vol. 
33, 1971, p. 273-86. 
22. Berry, B. J. L. and Spodek, H., "Comparative Ecology of large Indian Cities", Economic 
Geography, 1971,47 (2), Supplements. 
23. Ghosh, M., Dutta, A. K. and Roy, B., Calcutta: A study in Urban Growth Dynamics, Firma 
K. L. Mukhopadhayay, Calcutta, 1972. 
housing conditions and traffic arrangement. Brush (1975f studied the socio 
economic structure of Delhi and Mumbai and its relationship with residential pattern. 
Bijlani (1977)^ ^ discussed the wide variety of urban problems including poverty, over-
population, environmental pollutions and deterioration in the quaHty of urban life etc. 
Jain (1978)^ ^ discussed the urban structure of Ahmadabad metropolis in the light of 
intemal structure and external relations, civic amenities and infrastructural facilities. 
Unni (1978) '^ has given a detailed account of the steady deterioration of the 
environmental quality of the metropolitan centres in India owing to the rapid growth 
of large kinds of squatter colonies. De Souza (1978)^ * remarked that unplanned and 
haphazard growths of the metropolitan cities in India are the major factors responsible 
for the rapid development of the blighted areas and environmental pollution. Yadav 
(1978)^ ^ attempted to discuss type, structure and expansion of residential areas of 
Delhi in the light of well known western models of city structure. Bhargave (1981)^ ° 
discussed environmental pollution in metropolitan cities of India with special 
reference to air, noise, water and solid waste pollutions and emphasized on pollution 
controlling policies by making a few case studies. Chudhuri (1981) '^ provided 
comprehensive analysis of urban environmental problems in Indian cities as well as 
the cities of the developed world and related it to energy consumption and economic 
growth. Ajmal et al (1982)''^  observed that the Ganga River is more polluted near 
major urban centres of Kanpur, Allahabad and Varanasi due to the indiscriminate 
discharge of sewage effluents and industrial waste into it. Nandeshwar (1983)^ ^ 
24. Brush, J., "Elite Residential Colonies", Mimeographed, Dept. of Geography, Rotgers 
University, New Jersey, 1975. 
25. Bijlani, H. U., "Urban Problems", Centre for Urban Studies, 1.1. P. A. New Delhi, 1977, 
p. 122- 140. 
26. Jain, K. C. "Ahmedabad: An Expanding Metropolis", in Misra, R. P. (Ed.) Million 
Cities of India, Vikas Publ., New Delhi, 1978, p. 213-214. 
27. Unni, K. L., "Slum Relocation and Urban Planning: Some Social Concerns", in 
De Souza, A. (Ed.): The Indian City: Poverty Ecology and Urban Development, Manohar 
Publ. New Delhi, 1978, p. 215-31. 
28. De Souza, A., "The Challenge of Urban Poverty: An Introduction", Ibid, XTV-XXIX. 
29. Yadav, C. S., Land Use in Big Cities-A study of Delhi, Inter-India Publ., New 
Delhi, 1978. 
30. Bhargava, G., "Impact of Environmental Pollution in urban India", in Bhargava, 
G. (Ed.) Urban Problems and Policy Perspectives, Abhinav Publ., New Delhi, 
1981, p. 291-320. 
31. Chaudhuri, B. D. Nag., "The Urban Environment", Ibid, 1981, p. 286-292. 
32. Ajmal, M., Nomani, A. A. and Khan, M. A., "Quality of Ganga River in Uttar Pradesh and 
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studied the water pollution as a consequence of urbanization with special reference to 
domestic waste, municipal waste and industrial waste. Singh (1983)^ '* made a detailed 
analysis of environmental pollution of Ghazipur city with special reference to rapid 
population growth and increasing number of vehicles and emphasized on ecological 
planning of city for the better quality of Hfe. Tripathi (1983)^ ^ analyzed the ecology of 
river Ganga at Varanasi city where domestic sewage, industrial effluents and disposal 
of dead bodies were found to pollute the river. Chary and Reddy (1985) emphasized 
the impact of vast growth of population on housing problems in the urban area of 
Hyderabad. They hold the view that rapid growth of population in urban areas is 
bound to create problems of housing and transformation of residential units into 
commercial and industrial units. Gowda and Mahadev (1986)" studied the role of 
metropolitan city of Bangalore in changing the land use pattern of the surrounding 
villages with the help of accessibility index over the period of twenty five years. 
Kulshrestha (1986)^ ^ quantitatively analyzed the land use pattern of urban centres in 
relation to their population size and functions and also tried to estimate the fiiture 
land requirement for urban centres. Kalwar (1987)^ ^ studied the envirormiental 
pollution in Tonk city where disposal of garbage, night soil and poor infirastructural 
facilities led to the degradation of environment. Ghosh (1988)"*° calculated the 
emission of different air pollutants and studied zonal variation in their concentrations 
throughout Calcutta city. He considered burning of fossil fuels as a major source of 
air pollution and also suggested few remedial measures. Ghosh and Sharma (1988)'*' 
studied the physico-chemical and bacteriological characteristics of river Ganga at 
34. Singh, O. and Singh, K. K. "Gazipur: Environmental Pollution", Ibid, p. 311-326. 
35. Tripathi, B. D. "Ecology of River Ganga", Ibid, p. 240-265. 
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Patna city where disposal of untreated municipal waste along with industrial effluents 
and agricultural run off is causing an acute pollution problem. Reddy (1989) studied 
urbanization with special reference to environmental changes in metropolitan cities. 
He correlated urbanization with shortage of housing, growth of squatter settlements, 
overcrowding, congestion and environmental pollutions and suggested for 
technological iimovative environmental planning. 
It is worth mentioning that the status of urban geography again changed in 
90's. One of the most important innovation in urban environmental thinking emerged 
during that period. The late 1990's witnessed an explosion of debates among 
academicians, politicians, scholars and in media about the sustainability of the city at 
global, regional and local scale. Following the Rio Summit of 1992, cities achieved a 
central place in the diagnosis of the global environmental ills and Local Agenda 21s 
(i.e. reflects a global consensus and political commitment on development and 
environment cooperation and contains the action programme for sustainable 
development in 40 chapters) was actively taken up by urban authorities throughout the 
world. The cities were identified as being the key building block in the path toward a 
more sustainable world. As a result, different types of urban environmental problems 
were examined in their regional settings at the macro and micro levels by various 
geographers. Panditharan (1993)"*^  studied the process of urban development and its 
implication on infrastructure facilities and environment such as housing problem, 
water pollution, refuse dumping, soil pollution and air pollution. Ghosh (1993)'*'* made 
few generalizations about the problem of urban India with special reference to water 
supply and sanitation and correlated it with the increasing rate of urbanization both in 
terms of quantity and quality. Khan (1996)'*^  studied sectoral and functional land use 
pattern of the large and medium towns of North Bihar especially those situated along 
the bank of the river Ganga. He also tried to outline the plan for future prospect of the 
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expansion of these towns. Swaminathan (1997)''^  made a detailed study of Madurai 
metropolitan city with special reference to noise pollution generated by high density 
of vehicles, markets and people's activities. He found low noise level in the peripheral 
areas and higher levels in the core areas of the city. Ranjan (1997)'*^  made a detailed 
study of Bhagalpur city with special reference to environmental, economic and social 
problems. Barai and Samuel (1997)'** studied serious environmental problems mainly 
concerned with water and solid waste pollution arising jfrom small scale and service 
oriented industries in Bangalore city. Singh and Kumra (1997)'*^  examined the nature 
and characteristic of pollution of river Ganga at Varanasi and identified community 
sewage, industrial waste discharge and disposal of dead body as the major causes of 
pollution. Dhak (1998)^ ° found noise pollution due to power generation, increased 
transportation and other developmental activities as one of the most pervasive 
environmental problems of urban and industrial society and emphasized that the area 
of exposure increases proportionately to the population growth. Fazal (2000)^ * studied 
the land use pattern of Saharanpur city with the help of GIS technique and remarked 
that unplanned growth of the city has led to loss of agricultural land and induces 
change in land use pattern. Kam and Harada (2001)^ ^ found rivers polluted critically 
(Bagmati at Katmandu, Yam;ma at Delhi) near the urban stretch due to huge amount 
of pollution load discharged by urban activities. Singh (2002)^ ^ remarked that 
haphazard groAvth of Delhi has led to the massive land use changes and environmental 
stress in the form of air pollution, heat islands and reduced precipitation. 
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Singh and Fazal (2002)^ '* attempted to measure the urban expansion and the changes 
in land use pattern of the Aligarh city. They reported that due to large influx of 
people, the city is rapidly expanding on fertile agricultural land and increasing vacant 
land and built up areas in all directions. Kumar and Singh (2003)^ ^ analyzed the 
changing air quality of the four metropolitan cities of India and emphasized that the 
changing land use pattern is destroying the existing micro climate of these cities. 
Nagdeve (2004)^ '^ ^^  made a comprehensive analysis of speedy deterioration of the 
environmental quality of Delhi and revealed that the rapid population growth has 
entombed the city in a pall of pollution from vehicles, industries, sewage etc. He tried 
to examine some of the linkage between the demographic changes, automobile 
emission and its concomitant hazards interfaced with case study of Major Indian 
cities. Bhattacharya (2004)^ ^ made a comprehensive study of size, growth and spatial 
distribution of urban population and its imprint on the environment. Sahay (2005)^' 
studied the pattern of urban development in the city of Patna and highlighted its 
repercussions in the form of housing shortage, traffic congestion, and changes in land 
use, and deterioration in water, air, and land quality. Verma (2005)^ ° discussed the 
problem of urban air pollution with special reference to road transport which is further 
aggravated due to use of old, over loaded vehicles. Elango and Ramchandaran 
(2005)^ * highlighted urban environmental issues concentrating mainly on the 
problems of sewage disposal and fast deteriorating air and water quality as result of 
over population in the urban areas. Maiti and Agarwal (2005) discussed some of the 
54. Singh, A. L. and Fazal, S., "Urban Sprawl Mapping Using Remote Sensing and GIS 
Techniques- A Case Study of Aligarh City, India", TTie Geographer, Vol. 49, No. 2,2002, 
p. 26- 43. 
55. Kumar, B. and Singh, R. B. Urban development & Changing Anthropogenic Climate Change, 
Manak Publ., New Delhi, 2003. 
56. Nagdeve, D. A., "Environmental Pollution and Control: A Case Study of Delhi Mega 
City", Population and Environment, (25): 5,2004, p. 461- 473. 
57. Nagdeve, D. A., "Urban Air Population and its Influence on Health in India", Population 
Envis Bulletin, (1): 3, 2004, p. 3-8. 
58. Bhattacharya, S., "Population, Development and Environment- Indian Metropolitan 
Scenario", Geographical Review of India, Vol. 66, No. 4,2004, p. 371-380. 
59. Sahay, A., "Growth of Patna and its Environmental Impact", in Thakur, B. et al. (Ed.), 
Urban & Regional Development in India, Concept Publ., New Delhi, 2005, p. 46-71. 
60. Verma, S. B., "Urban Air Pollution", in Verma, S. B. and Singh, S. K. (Ed.) 
Environment Protection and Development, Deep & Deep publ.. New Delhi, 2005, 
p. 186-192. 
61. Elango, R. and Ramchandaran, S., "Urban Environment: Water Supply and Sanitation", 
Ibid, p. 202-210. 
62. Maiti, S. and Agarwal, P. K., "Environmental Degradation in the context of Growing 
Urbanization: A Focus on Metropolitan Cities of India", Journal of Human Ecology, 
17 (4), 2005, p. 277-287. 
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major environmental problems like development of slums, solid waste, noise and air 
pollution and associated them chiefly with rapid population growth in cities of India. 
Mukhopadhyay and Roy (2006)^ ^ discussed the role of urban anthropogenic activities 
specially increasing numbers and use of automobiles on insufficient and damaged 
roads in generating global environmental pollution. Hasan and Chowdhury (2006)^ *^ 
studied Municipal solid waste and its associated environmental hazards and social 
problem in Bangladesh. Lokeshwari et al (2006)^ ^ studied the role of urban 
developments, vehicles, commercial and industrial activities in generation and 
concentration of heavy metals in the ambient air of urban areas of Bangalore. Parkhi 
(2006)^ ^ examined the complex urban environmental problems associated with soHd 
waste disposal and its management and emphasized on different urban activities for 
its generation. Choudhury (2006)*' outlined the quality of soils and ground water in 
Faridabad. Based on the concentration of different parameters (i.e. pH, DO, BOD, 
COD, Alkality, Sodium, Potasium, Magnesium and Moisture), collected from five 
sampling stations, he concluded that the ground water of the city is highly polluted 
and unfit for drinking as the level of all the tested parameters is higher than the 
admissible limits. 
Besides India, attempts are being made to investigate the problems associated 
with urban development in other parts of the world as well. Smailes (1953) studied 
the structural outline of towns at different level. Fisher (1967)*^ analyzed the complex 
environmental problems of urban centres with special reference to air, water and land 
and stressed that these problems are interrelated and firequently reinforcing one 
another. Detwyler and Marcus (1972)'° discussed dynamic interaction between city 
63. Mukhopadhyay, B. K. and Roy, A. K., "A Study on Some Standard Mathematical Modeling 
on Automobile and Environmental Pollution in the City of Kolkatta", IntemationalJoumal 
of Environment and Pollution, Vol. 28, No.1/2,2006, p. 198-215. 
64. Hasan, G. M. J. and Chowdhury, A. I., "Municipal Waste Management and Environmental 
Hazards in Bangladesh", Asian Journal of Water, Environment and Pollution, Vol. 3, No. 
1,2006, p. 39-48. 
65. Lokeshwari, H. et al., "Concentration of Heavy Metals in Urban Air bom RSPM (PM)o) 
of Bangalore city", Indian Journal of Air Pollution Control, Vol. VI, No. 2,2006, p. 15-21. 
66. Parkhi, S., "Solid Waste Management- An Urban Environmental Challenge", Indian 
Regional Science, Vol. XXXVIII, No.2, 2006, p. 128-131. 
67. Chaudhury, S., "Soil and Ground Water Pollution in Faridabad", Environment and Ecology, 22 (3), 
2004, p. 636-641. 
68. Smailes, A. E., The Geography of Towns, Hutchinson, London, 1953. 
69. Fisher, J. L., "Environmental Quality and Urban Living", Planning Report, American 
Society of Planning Officials, Chicago, Illinois, 1967, p. 178-186. 
70. Detwyler, T. R. and Marcus, M. G., "Urbanization and Environment in Perspective", in 
Detwyler, T. R. and Marcus, M. G. (Ed.) Urbanization and Environment, 1972, p. 3-25. 
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and environment and emphasized that urbanization creates the problems of pollutions, 
loss of vegetation and wild life etc. Berry et al (1974) '^ studied the relationship 
between urban form and quality of environment and convinced that air is found to be 
more intensely polluted in urban areas than in rural areas and intensity of pollution 
increases with increase in city size. Edington (1977)^ ^ analyzed the environmental 
problems of major urban centres and its associated health problems. He correlated 
them with vehicles, burning of fossil fuels, changing life style and high thermal 
capacity of building material. Kao et al (1978) '^ discussed that the industrial wastes, 
domestic sewage and urban run off constitute the major pollution load of the Chi-Thi 
river in Taiwan. Brush et al (1979)^ '^  studied the heavy metals in the stretch of the 
Susquehanna River and found that the river was grossly polluted due to the discharge 
of urban and acid mine effluents into it. Mielke (1994)^ ^ studied the lead 
contamination in the urban air with special reference to automobile generated dust 
particles and found that the processes causing accumulation of lead are enhanced as 
the city increases in size. Yhdego (1995)^ ^ analyzed the environmental and aesthetic 
problems posed by urban solid waste in Dar es Salem city of Tanzania. In his study he 
suggested several eco-fiiendly measures for solid waste management. Chon, Hyo-
Tack et-al (1995)^ ^ provided a comprehensive analysis of soil pollution in the Seoul 
Metropolitan city and found heavy concentration of metals (Cu, Pb, Zn and cd) in the 
soil due to brass and bronze factories, and vehicular emissions. Setchel (1995)^ * 
examined the process of the city growth and degradation of the environment in 
Bangkok metropolitan region. He reviewed recent expansion of the city and selected 
71. Berry, B. J. et al, "Landuse, Urban form and Environmental Quality", Research Paper 
No. 155, EPA, Chicago, 1974, p. 440. 
72. Edington, J. M. et al. Ecology and Environmental Planning, Chapman and Hall 
Limited, London, 1977, p. 35-63. 
73. Kao, J. F., When, C. G. and Cheng, S. S., "Water pollution of Chi-Shui River in Taiwan, 
Water pollution, Control Dev. Countries", Proc. Inst. Conf., 1978, p. 1-125. 
74. Brush, E. J., Kalinowski, M. M. and Theodore, L., "Heavy Metals in a Stretch of 
Sasquenhanna River Badly Polluted with Acid Mine Effluents", Proc. Pa. Acad. Sci., 53: 
1979, p. 179-88. 
75. Mielke, H. W., "The Automobile As a Toxic Substance System", in James, E. Hickey & 
Linda A. Longmire (Ed.) The Environment-Global Problems, Local Solutions, 
Greenwood Pubi., USA, 1994, p. 97-103. 
76. Yhdego, M. "Urban Solid Waste Management in Tanzania: Issues, Concept and 
challenges", ^esoMrce, Conservation and Recycling, 14,(1), 1995, p. 1-10. 
77. Chon, Hyo-Tack, et-al, "Metal Contamination of Soils and Dust in Seoul Metropolitan 
City, Korea", Environmental Geochemistry & Health", 17 (3), 1995, p. 139-146. 
78. Setchell, C. A. "The Growing Environmental Crisis in the World's Mega Cities: the Case 
of Bangkok", Third World Planning Review, 17(1), 1995 p. 1-8. 
environmental impact. Preston (1995)^ ^ while analyzing the water quality of the Lane 
Cove River in Sydney discussed urban runoff, sewer and lechate from a refuse dump 
as the major sources of pollution. Mayer (1999)*° made some generalizations about 
the urban air quality and assumed it to be the result of a complex interaction between 
natural and anthropogenic environmental conditions. He concluded that urban 
population growth combined with change in land use and emission from motor 
vehicles are important sources of pollution in cities of the world. Morello et al 
(2000) '^ described the ecological changes brought about by the urban expansion in the 
city of Buenos Aires. Breuste (2002) analyzed the urban development and urban 
enviroimient in Germany and emphasized that the rapid growth of the main city into 
the surrounding countryside coupled with increasing number of vehicles has become 
the most important source of air pollution, groundwater pollution and loss of green 
area and health problems. Schell and Denham (2003)*^ used bio-cultural approach to 
analyze the interrelationship between urbanism and human biology and found urban 
living involves several biological challenges such as high mortality, high morbidity, 
low reproduction and development due to air and noise pollution. Samenza (2003) 
analyzed the influence of deteriorating physical feature of urban environment on 
public health. He found that the dilapidated environment and urban blight promotes 
alienation can be associated with social disorder which in turn affects health and well 
being. Yang et al (2004)*^ found that Changquing, an industrial city, has been 
experiencing serious water pollution problem due to rapid economic growth in recent 
years. He applied human capital approach to assess the economic losses and damages 
caused by water pollution and categorized it into two general types- damage to 
ecosystem and non-ecosystem. Doygun (2005)*^ has remarked that xmplanned and 
79. Preston, C. A., "The Impact of Urbanization on Water Quality in the Lane Cove River, 
Sydney, New South Wales: A Comparison of Urban and Non-Urban Catchments", 
Geographical Studies, 33 (1), 1995, p. 19-30. 
80. Mayer, H., "Air Pollution in Cities", Atmospheric Environment, 33, 1999, p. 4029-4037. 
81. Morello, J. et al., "Urbanization and the Consumption of Fertile Land and Other 
Ecological Changes: the case of Buenos Aires", Environment and Urbanization, Vol. 12, 
No. 2, 2000, p. 119-131. 
82. Breuste, J. "Urban Development and Urban Environment in Germany", The Geographer, 
Vol.49. No. 2, 2002, p. 1-14. 
83. Schell, L. M. and Denham, M., "Environmental Pollution in Urban Environment and 
Human Ecology", Annual Review of Anthropology, Vol. 32, 2003, p. 111-134. 
84. Samenza, J. C, "The Intersection of Urban Planning, Art and Public Health: the Sunnyside Piazza", 
American Journal of Public Health, 93 (9), 2003, p. 1439-41. 
85. Yang, G. et al, "The Econometric Assessment of Losses by Water Pollution in Chongqing, 
Southwest China', Chinese Journal of Geochemistry, 23(1), 2004, p. 94-100. 
86. Doygun, H., "Urban Development in Adana, Turkey, and its Environmental 
Consequences", I.J.E.S., Vol. 62, No. 4, 2005, p. 391-401. 
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haphazard urban development of Adana city of Turkey is a factor of water, soil and 
noise pollution, solid and liquid waste and elimination of fertile agricultural areas. 
Arabi (2006)*^ discussed the relationship between urban development, generation of 
solid waste, environmental degradation and spread of communicable diseases. 
Objectives 
The objectives of the present study are as follows: 
1. To study the physico-cultural, socio-economic and demographic characteristics 
of the study area which are considered as prerequisites for the process of urban 
development. 
2. To trace the evolution of urban settlement from pre-historical to modem period 
in order to analyze its impact on environment and morphology in the study area. 
3. To examine the nature and types of environmental pollutions and the factors 
responsible for its genesis. 
4. To assess the present level of different pollutants in spatio-temporal manner. 
5. To analyze whether controlling strategies are giving acceptable values or new or 
additional controls are required to achieve acceptable levels. 
6. To assess the changing morphological structure and the consequent changes in 
the social structure of the study area. 
7. To study general housing and environmental conditions of dwellings and their 
impact on the health of the people. 
8. To suggest some remedial measures for mitigating the existing problems and for 
sustainable urban development to provide a better place to live. 
Hypotheses 
The present study attempts to test the following hypothesis: 
1. Urban activities often accompany envirormiental degradation. 
2. There is a positive relationship between magnitude of pollution and urban 
population growth. 
3. Increase in the size of an urban area is directly related to its population growth. 
4. Land distribution and the intensity of its use depend on the rate of urban 
development. 
5. Morphological change often leads to a change in the social structure. 
87. Arabi, U., "Solid Waste Management in Metropolitan Cities- the case of Manglore," in 
Rao, P. S. N., Urban Governance and Management, Kanishka Publ., N. Delhi, 2006 
p. 392- 425. 
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6. The quality of houses and the indoor environment is determined by the 
population density. 
7. There is a direct relationship between quality of habitat and health condition. 
SigniHcance of the Study 
Human condition in urban habitat has been degrading throughout the world 
and urban environment has become less livable and less attractive to the present urban 
residents. It is, therefore, desirable to evolve a philosophy of urban planning and 
formulate a set of plans and policies, aiming at a rational direction of urban growth 
and thus create an urban environment congenial for human living. A geographical 
study of spatial interaction between the man and his environment at micro level will 
help in creating new insights to understand the gravity of the problem and will 
provide interesting material to social scientists, planners and decision makers 
concemed with the problems of the urban areas. It is with this intention that Delhi, 
having the highest percentage of virban population in India and also being a centre that 
has been witnessing rapid growth in urban population as well as urban area from the 
past six decades, has been selected for intensive study. Besides, it represents both 
modem and traditional features of Indian urban system in particular and of developing 
world in general. Considering this aspect, the present study highlights the problem of 
urban settings and prospects for the balanced development of urban area and its 
environment. 
This effort is devoted to study the impact of urban development on Delhi and 
consider it as an indicator of the large framework of the Indian urban system. It can be 
utilized to formulate comprehensive policies and planning with a geographical 
approach for proper urban set up that will be applicable at local, regional, national and 
international levels within the framework of a set of environmental features. The best 
course open is to explore the various aspects of the problem while trying to test the 
various hypotheses and prepare the ground for further research in this area on 
descriptive lines. 
Data Base 
The study is based on primary and secondary sources of data and has an 
exploratory design. The primary data are collected through field survey whereas the 
secondary data are obtained from government and quasi-govemment agencies and 
institution through published and unpublished reports, records and literature. An 
account of the sources of data is given as follows: 
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Sources of Secondary Data 
• Municipal Corporation of Delhi (MCD): Information pertaining to zones specially 
area, population and sanitary conditions are obtained. 
• Department of Economics and Statistics of GNCTD was visited for ward-wise 
population data, literacy rate, water supply and housing conditions. 
• Information regarding pollution is collected from Central Pollution Control Board 
(CPCB). 
• Department of Architecture and Planning of MCD 
• Delhi Development Authority (DDA) 
• Town and Country Planning Organization (TCPO) and 
• Indian Habitat Center visited for land use data. 
• Central Road Research Institute (CRRI) provided information regarding city's road 
network pattern and motor vehicles. 
• Indian Meteorological Department (IMD) visited for mean monthly data of rainfall, 
temperature and humidity. 
• Town Directory of Census of India provided information related to status and 
growth of town, functional category, physical aspects and other basic socio-cultural 
characteristics. 
Sources of Primary Data 
Primary data are obtained from field survey conducted from May 2004 to 
March 2005 with the help of a questiormaire (appendix-1). For the selection of wards, 
a multi-stage sampling method has been applied. In the first stage zones of the study 
area i.e. twelve in number, are taken into consideration and divided into four 
categories on the basis of density of population. This method is applied because the 
population density in the study area is highest among all the states and union 
territories in the country and is likely to be more representative of the existing 
problems. From each of the selected zone, 25 per cent of wards are selected with the 
help of purposive random sampling method. Wards are selected on the basis of their 
location in relation to transportation line, shopping complex, industrial areas etc. and 
from these selected wards sample of households is taken. The study has been limited 
to the heads of the households as it is assumed that the head of the family would be an 
ideal subject for measuring the different aspects of the household environmental 
problems. In all 5,949 heads of the household have been interviewed from 32 wards. 
16 
forming 1 percent sample of the total household of the region. The strategy adopted to 
draw a representative household sample has been random. It is good enough for 
heterogeneous population scattered over large area. The sampled houses have been 
selected randomly without considering the appearance and location of the house or 
socio-economic consideration of its occupants. Information pertaining to households 
consists of general characteristics of the respondents, housing conditions, sanitation 
condition, environmental condition and health problems have been collected. 
Research Methodology 
The present study is based on both qualitative as well as quantitative methods. 
The data collected from the field survey and secondary sources have been organized, 
moderated, tabulated, analyzed and portrayed with suitable cartographic presentation 
using GIS techniques. The data analysis has been done with the help of following 
statistical techniques. 
The trend line is calculated by using Least Square method using Microsoft Office 
Excel 2003 for the original time series data of air pollution which has the following 
equation: 
Y = a + bX 
Where X and Y are variables and a and b are constants. 
The above equation of straight line is obtained with the help of the following two 
normal equations: 
i:Y = N(a) + b(LX) 
i:iXY) = ai:(X) + bZ(X^) 
Z(7) =The total values of Y 
H^iXY) = The total of the product of the corresponding values of X and Y 
Z (X^)= The total of the square of the values of X and 
N= The number of pairs of values 
To make the assessment of air quality in different areas, the Exceedence Factor 
(EF) has been used i.e. the relative value of the ratio of observed annual mean 
concentration of an air pollutant with that of respective air quality standards. The 
EF is derived by following calculation: 
Observed annual mean concentration of air pollutant 
AAQSfor respective pollutants and land use area class 
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Seasonal variation in the concentration of pollutant has been analyzed with the 
help of the monthly average. 
To examine the diurnal variation in the level of noise pollution percent of 
violation has been calculated 
Observed value-Standard limit 
X 100 
Standard limit 
To examine the level of solid waste pollution Collection Efficiency has been 
calculated in the fallowing manner 
Collected Waste 
x l O O 
Generated Waste 
To measxare the association between housing conditions and health problem, the 
statistical technique, the Karl Pearson's Coefficient of Correlation has been used. 
The Coefficient Correlation is calculated with the help of the following formula. 
i:XY-(LX).(XY)IN 
'^~ i{Y.X^ -iXXf INyiZY' -(LYf IN] 
r = Coefficient of Correlation 
X, y= the two given variables 
TV = number of observation 
To find out significance levels, 't' test has been applied. It is computed with the 
help of following formula. 
n= number of observation 
r= computed value of Coefficient of Correlation 
In order to measure spatial disparities the statistical technique i.e. Z score has been 
used to develop a composite score for each set of indicators in order to arrive at 
the general housing and environmental condition of the study area as a whole. It is 
a linear transformation of the original data in such a way that its mean becomes a 
zero and its standard deviation become unity. For observation ' i ' on any variable, 
the standard score is obtained with the help of the following formula. 
SD 
X= the original value for observation (i) 
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X = the mean of the variable 
SD= the standard Deviation 
The composite score is obtained with the help of the following formula. 
N 
CS=Composite Mean Z-Score 
Z(/=Z-Score of the ith variable at jth unit 
iV=Number of variables 
Chapter Scheme 
The entire study has been organized into eight chapters with the introduction 
in the beginning and conclusion in the end. The first chapter deals with the 
conceptual fi-amework including concept of urban area, urban development, 
environment, pollution, air pollution, water pollution, noise pollution, solid waste 
pollution, morphological change, land use and household. 
In chapter 2 an assessment of the study area by interpreting the physical 
parameters such as location, topography, drainage, soils and climate has been 
undertaken. The evolution of the town scape in its historical perspective and an 
account of demographic and socio-economic aspects are also detailed in this 
chapter. 
The air pollution in the study area has been discussed in Chapter 3. The 
chapter comprises of the sources of pollution, spatial variation in the concentration 
of pollutants at residential, industrial and traffic intersection and their annual and 
seasonal variation (pre-monsoon, monsoon and post-monsoon periods). 
Chapter 4 portrays the water pollution. It discusses the major contributors, 
overall situation of pollution load generation, sewage management, average 
annual & seasonal trend of pollutants in river Yamuna, water quality of lakes and 
reservoirs with emphasis on physico-chemical characteristic and ground water 
quality. 
In Chapter 5, the noise pollution and its major sources have been discussed. 
The spatial variation in the concentration of pollutants with special reference to 
residential, commercial, industrial, silence and heavy traffic zones has been 
explained. It also highlights the annual as well as diurnal variation in pollutant 
concentration. 
19 
The solid waste pollution has been discussed in the Chapter 6. It deals with 
different types of solid waste including municipal, industrial and bio-medical solid 
waste, its sources and physico-chemical characteristics. Zonal variation in 
generation, collection, characterization and disposal of waste is also discussed. 
Chapter 7 describes the morphology of the study area. It deals with the 
morphological characteristics of rural and urban areas with special reference to 
urban expansion, reduction in rural areas, change in urban and rural land use 
pattern, socio-economic structure, changing architecture, types of dwelling and 
resultant change in social structure. 
Chapter 8 deals with housing condition with special reference to type of 
dwelling units, morphological characteristics of the house, availability of living 
space, indoor environmental conditions-water supply, drainage system, domestic 
solid waste pollution, air pollution, water pollution and noise pollution and health 
profile of the people of Delhi have been detailed in Chapter 8. Relationship 
between housing conditions and indoor environmental pollutions and health 
problems has also been determined. 
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ConceptuaC'Framework 
Urban development, a contemporary focal point of human ecology refers to 
the process of change through which a society gets transformed from an agrarian 
economy to industrial economy and from a small homogeneous cluster to a large 
heterogeneous mass' with the distinct change in its buildings, land uses and 
environment etc. A lot of explanation is needed in order to xinderstand the process and 
pattern of urban development and its repercussions in the form of environmental 
pollution and morphological changes. The present study is an attempt to elucidate 
those terms that are frequently used to explain the conceptual base of the impact of 
urban development such as the concepts of urban area, urban development, 
environment, environmental pollutions - air pollution, water pollution, noise pollution 
and solid waste pollution, urban morphology, land use and household etc. 
1.1. Urban Area: The definitions and attributes of 'Urban Area' have undergone 
several changes and modifications over time. Broadly, urban area may be defined 
according to different criteria such as population density and type of local government 
etc. It is related to a town or a city with a large nucleated settlement in which the 
majority of employed inhabitants are engaged in secondary and tertiary activities. 
According to Census of India 2001, an urban area can be defined as any statutory 
place with a municipality, corporation, cantonment board or notified town area 
committee etc, or a place satisfying the following three criteria simultaneously: (i) a 
minimum population of 5,000; (ii) at least seventy five per cent of male working 
population engaged in non-agricultural pursuits; and a density of population of at least 
400 person per sq. km. or 1000 person per sq. mile^. 
1.2. Urban Development: The term 'development' is generally used to describe a set 
of activities initiated by humans to enhance the quality of life. These activities have 
an impact on the enviromnent, economy and the social structure etc. 
As far as 'urban development' is concerned, it has been conceived differently 
by the scholars of different backgrounds. Usually it has been treated synonymous with 
urban growth or urbanization or both. But the urban development in addition to urban 
growth and urbanization is related to the service functions of urban places to the 
surrounding rural areas which are contingent upon the size and number of urban 
1. Riessman, L., The Urban Process, New York, 1964, p. 207-209. 
2. Primary Census Abstract (2001), Series 1, Registrar General & Census Commission, Total 
Population Table A-5, India, 2004. p. xxxviii. 
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places in an area .^ Broadly speaking, urban development means that an increasing 
proportion of human society becomes urban, and during this process urban area 
expands, grows in population, and makes an ever increasing impact upon the country 
side, both upon its appearance and the life of the inhabitants. The major portion of the 
area becomes the urban landscape and people come to live in an environment that is 
both physically and socially urban. 
Urban development is also considered as the process of city establishment and 
growth; the term commonly connotes population increase in the city, resulting from 
internal growth and immigration as well as spatial expansion of the city. It also 
signifies the carrying out of buildings, engineering or other operations in, on, over or 
under land, or the making of any material change in the use of any building or other 
land on the xirban landscape'^ . Urban development can be studied by considering three 
different parameters i.e. social, economic and demographic. 
The social concept is concerned with the experience of individual over time 
and with patterns of behaviour. It refers to the way of life different from those of rural 
or country dwellers .^ Thus, the process of changing of behaviour patterns from rural 
to urban which includes qualitative and quantitative improvements in the system of 
housing, water-supply, sanitation, means of transportation and communication, 
administrative and educational institutions together with many other micro aspects of 
life such as culture and tradition is considered as urban development^ . 
The economic concept is employed to the activities of the whole population 
and is primarily concerned with the change in its economic structure. It relates to the 
movement of people out of agricultural activities into other and generally secondary 
and tertiary activities .^ 
The demographic concept is mainly related to population concentration. It is 
an increase in the proportion of urban population to the total population over a period 
of time. Taken together the view of demographers, geographers, economists, and 
sociologists; urban development may be defined as a process of change increasing 
concentration of population in human settlements larger than villages, increasing 
3. Dubey, K. N. and Singh, R. P. "Regional Disparities in Urban Development in Uttar Pradesh" in 
Maiirya, S. D., (Ed.) Urbanization and Environmental problems, Chugh Publ., Allahabad, 1989, 
p. 25. 
4. Smith, J., Dictionary of Geography, Arnold Heinemarm, New Delhi, 1984, p. 263. 
5. Hoselitz, B. F., Sociological Aspects of Economic Growth, Amerind, New Delhi, 1960. 
6. Singh, T. N., Urban Development and Planning, Rajesh Publ., New Delhi, 1998, p. 5. 
7. Maurya, S. D., 1989, op. cit., p. 25. 
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involvement of people in secondary and tertiary production, and the progressive 
adoption of certain social traits which are different from those of traditional rural 
societies. 
1.3. Environment: The concept of environment has a wide connotation. Historically, 
the word environment originated from the French word 'environer', which means to 
surround, surrounding or something that surrounds .^ Literally, it is combination of 
two words, i.e. 'environ' and 'ment', meaning 'encircle' or 'all around' . Thus, it 
refers to protection and sum of all social, physical and chemical factors which 
compose the surroundings or circumstances in which any thing exists. Any external 
force, substance or condition, which surrounds and effects the life of an organism in 
any way becomes a factor of its environment. Environment is defined more 
comprehensively as "a holistic view of the world as it fimctions at any point of time, 
with a multitude of spatial element and socio-economic systems distinguished by 
quality and attributes of space and mode of behaviour and abiotic and biotic forms" . 
Environment of an organism includes- abiotic milieu in which it exists e.g. 
geographical location, climate and terrain; and biotic milieu that refers to living 
organic matter such as hiiman being, plants, animals and other organic species . Our 
inunediate concern is the physical environment as the quality of space we live in, the 
air we breathe, the food we eat, the water we drink and the resources we draw to 
support our economy are dependent on this environment. 
As a consequence of the man's outright disregard towards the physical 
environment in the form of different developmental activities to a large extent that 
reduced its natural capacities for self-stabilization, nimierous environmental problems 
in the form of different types of pollution have arisen. 
1.4. Pollution: The term 'pollution', which carries with it a sense of impurity, can be 
defined as a chemical or physical agent in an inappropriate location or concentration 
that may lead to an undesirable variation in the physical, chemical or biological 
characteristics of our water, air and land that may harmfiilly affect human life or that 
of desirable species, our industrial processes, living conditions and cultural assets, or 
that may waste or deteriorate our raw material resources. It is often referred to as the 
8. Gupta, K. R., Encyclopedia of Environment, Vol. 1, Atlanta Publ., New Delhi, 2005, p. 119. 
9. Saxena, H. M., Environmental Geography, 2nd edition, Rawat Publ., Jaipur, 2004, p. 3. 
10. Dikshit, R. D., "Geography and Teaching of Environment", in Goudic, A., The Nature of 
the Environment, Basil Blackwell ltd., U.K., 1984, p. 68-83. 
11. Chatwal, C. R., Pandey, D. K. and Nanda, K. K., Encyclopaedic Dictionary of 
Environment. Anmol Publ., New Delhi, 1989, p. 238-239. 
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'other side' of development. Almost all major enviromnental issues owe their origin 
to pollution. It is viewed by NERC (1976) as "the release of substances and energy as 
waste products of human activities which result in changes, usually harmful within 
the natural environment". The classification of pollution is usually done according to 
the environment in which it occurs. The major types of environmental pollutions are 
as follows: 
1.5. Air Pollution: Air, a mechanical mixture of different atmospheric gases, is the 
first and foremost susceptible component of our enviroimient prone to pollution. 
Being a reservoir of oxygen and carbon dioxide that are needed by man, animals and 
plants, it plays a vital role in controlling life on earth. Human life cannot be imagined 
without air because it constitute about 80 per cent of the total daily intake by a person 
as a person breathes 22000 times a day inhaling 35 gallon or 16 kg of air. Good 
quality air is important for the existence of all forms of life and has aesthetic 
importance as well. 
In a strict sense, air may be regarded as polluted when there is added to it any 
substance foreign or additional to its natural composition. Air Pollution refers to as 
the presence of one or more noxious gases and minute particles of solid and liquid 
matter in sufficient concentrations, of such duration and characteristics that endanger 
or threaten to be injurious to human health, plant, animals, property, or with the 
comfortable enjoyment of life or property. "Air pollution may be defined as the 
presence in ambient atmosphere of substances, generally resulting from the activity of 
man, in sufficient concentration, present for sufficient time and under circumstances 
to interfere significantly with comfort, health or welfare of persons or with full use or 
enjoyment or property"'^. 
Air can be polluted by both natural and anthropogenic sources but it is most 
often man-made sources that pour pollutant in the air beyond its self purifying 
capacity. Air pollutant mainly consists of suspended particulate matters and harmfiil 
gases that may originate fi-om a variety of sources. The natural source includes 
oceanic aerosols, volcanic emissions, wind blown terrestrial dust etc; the 
anthropogenic sources include fuel burning, refuse burning, transportation, 
construction of buildings, industries, chemical and metallurgical factories, waste 
12. Indian Standard Institution, Glossary of terms relating to Air Pollution, IS: 4167-1966, ISI, 
New Delhi. 
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recovery and solvent usage etc'^ A summary of the sources of various air pollutants is 
given in Table 1.1 & 1.2. 
Air Pollutants are classified into two categories which are as follows: 
Primary Pollutants: are those that originate in the form of particulate matter or 
gaseous form. The particulate matter includes dust, seeds, spores & pollen grains, 
mineral dust, asbestos, fibers, metal dust and fly ash etc. The most common gaseous 
pollutants are Sulphur Dioxide, Nitrogen Oxides, Carbon Dioxide, Carbon Monoxide, 
Ammonia, Hydrogen, Hydrocarbons and Volatile Organic Compound etc. 
Secondary Pollutants: are formed in the atmosphere as a result of reactions between 
two or more primary pollutants catalyzed by other atmospheric factors. For e.g. 
Peroxy Acetyl Nitrate are formed when fi"ee radicals reacts with Sulphur and Nitrogen 
oxides. 
Nature of Air Pollutants: Air Pollutants can be classified into following two 
categories: 
Particulate Matter: It refers to discrete mass of any material except pure water that 
exists as a liquid or solid in the atmosphere under normal conditions and is of 
microscopic or submicroscopic size but larger than molecular dimensions (about 2 
A*). Particulate matter in the atmosphere, based on size is categorized into three types: 
Suspended Particulate Matter (SPM): SPM are the particulates having particle 
diameter less than 100|j,m that tend to remain suspended in the atmosphere for a long 
period of time. Sea salt, soil dust, volcanic particles and smoke firom forest fires are 
the natural sources of suspended particulate matter. Anthropogenic emissions of the 
suspended particulates originate fi-om fossil fiiels burning, indizstrial processes and 
vehicular exhaust. Secondary sources include gaseous pollutants like Hydrogen 
Sulphide (H2S), Sulphur Dioxide (SO2), Oxides of Nitrogen (NO^, Ammonia (NH3) 
and hydrocarbons that react to form products that condense to particles at atmospheric 
temperatures. 
Respirable Suspended Particulate Matter (RSPM-PMio): RSPM or PMio are the 
particulates having diameter less than lO^m small enough to be inhaled. They 
generally arise due to agglomeration of aerosols, gas particles, conversion fi-om gas to 
particles and these are mostly combustion originated. The sources of PMjo include 
road dust, vehicular exhaust and wind blown dust, agriculture, construction and fire 
13. Agarwal, S. K., Air Pollution, A.P.H. Publ., Corporation, 2005, p. 83. 
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places. PMio may also be formed from incomplete combustion of any fuel and from 
other pollutants viz. NOx, SOx, organics etc. 
Fine Particulate Matter (RSPM-PM2.5): Fine Particulates or PM2.5 are the aerosols 
having diameter less than 2.5|im. Particles in the 0.005-0.05^m range are usually 
formed by condensation of vapours produced either by high temperature or by 
chemical processes. Particles in the 0.05-2^m range are usually formed by 
coagulation of smaller particles or from smaller particles through vapour 
condensation. PM2.5 are emitted from ftiel combustion in motor vehicles, process 
combustion and from industrial sources. PM2.5 are also formed from reactions of 
other pollutants. 
Table 1.1: Typical Sources of Some Air Pollutants in the Ambient Air 
S.No. 
1 
2 
3 
4 
5 
6 
7 
Air Pollutants 
Sulphur Dioxide 
(SO2) 
Nitrogen Oxide 
(NOx) 
Particulate Matter 
(SPM, RSPM-PMio, 
RSPM-PM2.5) 
Carbon Monoxide 
(CO) 
Ozone (O3) 
Organic Compounds 
Volatile Organic 
Compound (VOC) 
Major Sources 
Fuel combustion, power station, industrial processes, chemical 
processes, diesel vehicles, soHd waste disposal, smelters 
Transport (road, rail, passenger and commercial), fuel 
combustion, power station, industrial boilers, chemical 
processes, waste incinerators, smelters 
Fuel combustion, power station, construction activities, 
industrial processes, diesel vehicle exhaust, resuspended road 
dust, domestic refuse burning, domestic wood 
Transport, combustion, industrial processes, solid waste 
disposal, refuse burning 
Secondary pollutants formed during photochemical reaction. 
Transport, oil based fuel combustion sources, chemical 
processes, solvent use, waste incinerator, vaporization of fuel 
Transport, solvents (specially used in industrial and domestic 
sector) 
Source: NAAQMS/14/1999-2000 
Gases: They are normally formless fluids which occupy enclosed spaces and which 
can be changed to liquid or solid state by the combined effect of increased pressure 
and decreased temperature. The important gaseous pollutants are described below: 
Sulphur Dioxide (SO2): Gaseous oxides of Sulphur occur as Sulphur Dioxide (SO2) 
and Sulphur Trioxide (SO3) under ambient conditions. SO2 is both primary and 
secondary pollutant. Sulphur emissions in the form of SO2 arise from combustion 
sources because of trace amounts of inorganic and organic sulphur contained in the 
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rable 1.2: Sources of Various Pollutants in the form of Source- Pollutant 
Matrix 
Source 
A. Industries 
Power plant (coal) 
Sulphuric acid 
Super phosphate 
Cement 
Carbon black 
Oil refinery 
Aluminium 
Copper and Zinc 
Iron and steel 
Brick kilns 
B. Vehicles 
Petrol-driven 
Diesel-driven 
C. Domestic 
Coal 
Wood 
Kerosene 
Biogas 
LPG 
D. Others 
Refuse burning 
Domestic dumps 
Construction 
Activities 
Resuspension of 
dust from roads 
Pollutants 
Particulate 
matter 
+++++ 
+++ 
++++ 
+++ 
+ 
+++ 
+++ 
++++ 
+++ 
+ 
+++ 
++ 
++ 
+ 
-H-
++ 
+++ 
++++ 
Sulphur 
dioxide 
+++ 
++++ 
++ 
++++ 
+ 
++++ 
+4-
+ 
++ 
++ 
-H-
++ 
++ 
+ 
+ 
Oxides of 
nitrogen 
+++ 
++++ 
++ 
++ 
++ 
++ 
++ 
++ 
+ 
+ 
+ 
+ 
+ 
Carbon 
monoxide 
+++ 
+ 
+ 
+++ 
++ 
++++ 
++ 
++ 
+ 
+ 
-
Hydro-
carbons 
+ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
-
Fluoride 
++++ 
++++ 
++ 
-
-
-
Lead 
+ 
+++ 
-
-
hurce: NAAQMS/14/1999-2000 
^ Sing indicate emission strength 
- Sign indicate absence or near absence 
fossil fuel and ores. During combustion sulphur present in fuel is oxidized emitting 
SO2 in exhaust gases. Sulphur Dioxides are emitted in significant quantities from 
thermal power plants, aluminium smelter, steel industry and diesel driven vehicles etc. 
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Oxides of Nitrogen (NOx): The important oxides of nitrogen in the atmosphere are 
Nitric Oxide (NO), Nitrous Oxide (N2O), Nitrogen Dioxide (NO2) and salts of Nitrate 
(NO3) and Ammonium ( N H / ) . The oxides of Nitrogen are generally recognized as 
the sum of Nitric Oxide (NO) and Nitrogen Dioxide (NO2). NO2 is a toxic gas and is a 
highly corrosive. It is produced in large quantity from the manufacture of nitric acid 
and from high temperature combustion of a natural gas and gasoline. 
Carbon Monoxide (CO): It is colourless, odourless, tasteless, non-irritating and 
highly poisonous gas. Incomplete combustion of carbon results in the production of 
Carbon Monoxide. The anthropogenic sources of Carbon Monoxide are motor 
vehicles, coal combustion, ftiel oil combustion, industrial processes, solid waste 
disposal and reftise burning etc. 
Moreover, there are Photochemical Oxidants, Hydrocarbon & Polynuclear-
aromatic Hydrocarbons, Benzene, Ozone, Volatile Organic Compound and Trace 
Metals that pollute the air to great extents. 
Polluted air has adverse affect on human health, vegetation, materials and 
atmosphere etc. The impact of air pollution on human being are manifested in the 
form of damaged respiratory and cardio vascular system. It is mainly responsible for 
cough, phlegm, breathlessness, bronchitis, emphysema, asthma, limg cancer etc. The 
excessive presence of various air pollutants in environment may also affect 
vegetation. The effect of air pollution on vegetation are demonsfrated by qualitative 
and quantitative changes in solar radiations input on leaf surface and alteration in 
energy exchange process, decrease in chlorophyll content and chloroplast injury, 
increase in gaseous exchange process and induced alteration in physico-chemical 
parameters etc. Various metals and metallic structures such as iron and steel, 
aluminium and aluminium alloys, copper and copper alloys are corroded and loose 
metallic lusfre when exposed to contaminated air. Building material is corroded, 
discoloured, soiled, stained, bleached, loose sfrength and is disfigured by polluted air 
in addition to normal weathering. Besides, it contributes to global warming, 
destruction of ozone layer, acid rain, impairment of atmospheric visibility and imparts 
changes in meteorological phenomena, affecting temperature and wind distribution 
alteration. 
1.6. Water Pollution: Water, next to air, is the most important element of the 
biosphere composed of hydrogen and oxygen and exists in gaseous, liquid and several 
solid forms. It plays a vital role for the maintenance of all forms of life and helps in 
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the movement, circulation and cycling of nutrients in the biosphere. It is the bearer of 
life. The human body itself is 70 per cent water. People begin to feel thirst after a loss 
of only 1 per cent of body fluids and risk death if fluid loss is near 10 per cent'"*. The 
history of human civilization reveals that the human habitations from times 
immemorial evolved and developed near a good source of water. It is required in 
every sphere of life; for domestic purposes, for industrial activities, for agricultural 
purposes and for trade and commerce etc. Consequently, many freshwater resources 
have been strained and have become increasing polluted. 
Water pollution is caused by the addition of excess substance, bacteria, viruses 
or heat present in such concentration or numbers as to impair the quality of the water 
rendering it less suitable or unsuitable for its intended use and presenting a hazard to 
man or to his environment. It may be defined as the deterioration in chemical, 
physical and biological properties of water brought about by hximan activities or by 
natural processes which render it unsuitable or dangerous with regard to food, 
human and animal health, industry, agriculture, fishing and leisure pursuits etc. 
The sources of water pollution are classified into two categories: (a) the 
natural sources which include soil erosion, landslides, coastal and cliff erosion, 
volcanic eruption, and decomposition of plants and animals etc; (b) the anthropogenic 
source that includes industry, agriculture, urban centres, religious, social and cultural 
activities etc. The water system is capable of taking care of natural pollutants; it is 
mainly the anthropogenic sources that are degrading the water quality at regular basis. 
Water is mainly polluted by four kinds of substances: traditional organic waste, waste 
generated from industrial process, chemical agents of fertilizers and pesticides and silt 
from degraded catchments. The major water pollutants could be classified into eight 
categories which are described as follows: 
Sewage and Other Oxygen-Demanding Wastes: These include water-borne wastes 
of a house or commimity and are largely carbonaceous organic material that can get 
oxidized by microorganisms to carbon dioxide and water. 
Infectious Agents: Waste water released from municipalities, sanitaria, tanning and 
slaughtering plants may be sources of bacteria or other microorganisms. 
Plant Nutrients: Plant nutrients, like nitrogen and phosphorous, are able to stimulate 
the growth of aquatic plants which interfere with water use and later decay to produce 
14. Gleick, P., "Basic water requirements for human activities: Meeting basic needs", International 
Water, 21(2), 1996, p. 83-92. 
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disagreeable odor and add to the BOD of the water. 
Exotic Organic Chemicals: The exotic organic chemicals include surfactants, 
detergents, pesticides, various industrial products, and the decomposition products of 
other organic compounds. 
Inorganic Minerals and Chemical Compounds: hiorganic chemicals of many types 
enter water from municipal and industrial waste waters and urban runoff. They can 
interfere with the suitability of water for drinking or industrial uses and other aquatic 
life. 
Sediments: They are soils and minerals which are washed from the land by storms 
and floodwaters, from croplands, overgrazed pastures, strip mines, road and bulldozed 
urban areas. 
Radioactive Substances: Harmful radiation may result in water enviroimient from 
the wastes of uranium and thorium mining & refining, nuclear power plants and from 
industrial, medical and scientific utilization of radioactive materials. 
Heat: Vast volume of water find use for cooling purposes. It is discharged at a raised 
temperature which can affect the average temperature of water bodies. 
These pollutants make water imsuitable for drinking, recreational, agricultural 
and industrial purposes and eventually diminish the aesthetic quality. Polluted water 
causes irreparable damage to plants and animals including man. It is the major cause 
for the spread of epidemics and several dangerous diseases such as cholera, jaundice, 
dysentery, typhoid, paratyphoid, diarrhoea etc. Pathological effects of heavy metal, 
that pollute water, on man include abdominal pain, vomiting, loss of appetite, anemia, 
damage of brain, liver and kidney, excessive salivation, vomiting, growth retardation, 
bone deformation and ulcer etc. In addition, the aquatic food chain acts to concentrate 
several toxic substances as it ascends from microorganisms through various predators 
and prey to fish eaten by seals, by certain birds, or by people. Water pollution causes 
death of aquatic organisms including both plants and animal. The use of polluted 
water of rivers, lakes and ponds and even polluted ground water for irrigating 
agricultural fields severely damages crops and decreases agricultural production. It 
also reduces recreational use of water and commercial fishing and also causing 
aesthetic problems. 
1.7. Solid Waste Pollution: Solid waste pollution is one of the most pressing 
problems of urban society. The term solid waste refers to any solid or semi-solid 
materials discarded from industrial, commercial, mining, agricultural operations and 
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from water and air pollution control facilities such as fly ash recovered from flue 
gases and sludge from sewage treatment plants' . 
The sources of solid waste may be grouped into two categories: production 
centres and consumption centres. The former includes both small-scale and large scale 
production centres such as industries, hospitals, slaughter houses, shopping complexes 
etc; the later includes houses, community centres, street sweeping etc that produces 
post consumer waste. Based on their sources solid waste is broadly divided into three 
main types such as municipal wastes, industrial wastes and bio-medical wastes etc. 
The main constituents of solid wastes can be classified as follows: 
Garbage- They are highly putrescibles organic waste such as the animal, fiiiit, or 
vegetable residue resulting from kitchens, hotels, restaurants and so on. 
Rubbish- includes non-pufrescible wastes, except ashes such as paper, cardboard, 
plastics, textiles, rubber, leather, wood, ftimiture, garden trimmings, glass, crockery, 
cans, ferrous and non-ferrous metals and so forth. 
Ashes- refer to incombustible materials remaining from the burning of wood, coal, 
coke and other combustible materials in homes, institutions, industries and municipal 
facilities such as cinders, fine powdery materials, clinkers and so on. It may also 
include the inert from street sweeping. 
Demolition and Construction Waste- They are wastes from construction and 
demolition activities, including stones, concrete, bricks, plaster and metal parts. 
Special Wastes- refer to Street sweepings, roadside litter, dead animals, abandoned 
vehicles and so on. 
Biomedical Waste- refers to waste generated by hospitals, nursing homes and 
veterinary institutions. 
Hazardous Waste- including chemically or biologically reactive, toxic, inflammable, 
explosive or corrosive waste from industrial sources. 
Solid waste pollution is causing potential risks to the environment and to the 
health. The most obvious environmental damage caused by solid wastes is aesthetic, 
i.e., the ugliness of street litter and the destruction of the beauty of the countryside by 
uncontrolled dumping of solid wastes. More serious, however, often um-ecognized, is 
the contamination of surface and ground water sources by leachates from refiise 
dumps affecting down gradient ground and surface water quality. It also causes air 
15. Turk, J. and Turk, A., Environmental Science, 3"* Edition, Sounder College Publ., New York, 
1984, p. 482-497. 
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pollution due to inefficient burning of wastes either in the open or in incinerators'^. 
Methane and carbon dioxide emissions fi"om land disposal facilities add to global 
wanning and subsequently vector-borne disease abundance and pathogen survival. 
The main risks to health arise fi-om the breeding of disease vectors, primarily flies and 
rats that spread various diseases like plague. Emissions of volatile organic compoimds 
and dioxins in air increase cancer incidence and psychological stress for those living 
near incinerators or land disposal facilities. Animal feeding on solid waste provides a 
food chain path for transmitting disease. The uncollected wastes hold water and clog 
drains leading to stagnant water which encourages mosquito vector abundance. It can 
also causes death or injury to human and animal life, fire hazards, explosion and 
danger of concentration of hazardous elements in food chain. 
1.8. Noise PoUution: Noise pollution, like solid waste pollution, is also an urban 
territorial phenomenon. It is a slow and subtle killer which along with other types of 
pollution has become a hazard to the quality of life that affects man's state of mental, 
physical and social well being'^. The term 'Noise' is derived from Latin word 
'nausea' implying 'unwanted sound' or 'sound that is loud, unpleasant or 
unexpected'. It may be defined as a complex sound which has a short or long 
periodicity produced by the non-harmonic motion that can be continuous as in the 
noise pollution is also considered as any unwanted or undesired feeling of sound that 
may adversely affect the health and well being of individuals or population. The 
extent to which noise contribute to the deterioration of our enviroiunent can not be as 
easily determined as that of pollution firom other sources because different people 
have not been affected equally by the same noises. The loudness of a sound is 
determined by its soimd pressure level and its firequency is measured in dBA units 
which closely replicate the loudness perceived by the ear. A 'decibel' is a unit in 
which noise is measured 'A', in dB (A) denotes the firequency weighting in the 
measurement of noise. The severity of the noise problem can be determined by the 
amount that the noise corresponds to fi-equency response characteristics of the himian 
ear. In the case of fluctuating noise, it is expressed in terms of a constant noise (Leq-
Equivalent Sound Energy Level) over a given period that produces the same amount 
of A weighted energy. "A-weighted" means making graded adjustments in the 
16. Joseph, K. and Nagendran, R., Essential of environmental studies, Pearson Education, New Delhi, 
2004, p. 159. 
17. Katyal, T. and Sataka, M., Environmental pollution, Anmol Publ., N. Delhi, 1989, p. 219. 
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intensities of the sound pressure level measvired by an instrument reflects the actual 
response of the human ear to the sound measured. Once a sound has been measured in 
A-weighted decibels, it is now known as sound or noise level and expressed in dB 
(A). 
The noise originates from three different sowces: natural sources such as 
cloud thunder, high velocity wind, high intensity rainfall, hailstorms, waterfall and 
ocean currents etc., biological source include sound of varying intensity of wild and 
tame animal such as street dog'* but the most important is anthropogenic soxirce that 
includes the following. 
Industrial Noise- the industrial processes such as drilling, grinding, riveting, 
hammering, forging, compressing, vaccimiising, pumping etc. create the most serious 
of all large scale noise problems. Mechanical noise is the major part of industrial 
noise. The noise in industry is generated by machinery of all kinds that often increases 
with the speed of operation and power of machines. High noise level is common in 
petrochemical, steel industries, thermal power stations, cement industries and mines 
etc. 
Vehicular Noise- In urban areas, use of pressure horn have become a constant source 
of noise pollution. Because of appreciable growth of scooters, motor cycles, passenger 
cars, tempos, heavy trucks, busses and high way busses, its contribution has increased 
manifold. 
Community Noise- the community noise is an unwise display of man's vanity and 
whims. It occurs due to various activities of community during religious festivals, 
fair, marriage, and public functions. The use of amplifiers during such occasions leads 
to one of the most frequent sources of disturbance. 
Aircraft Noise- the use of aircrafts of many types generates varying type of noises. 
Higher the speed of an aircraft the greater is the noise pollution. Taking off and 
landing of an aircraft produces unbearable noise for a normal human being specially 
those who live near the aerodromes. 
Miscellaneous- during demolition of huge sites and construction of new buildings, 
huge machines are used which produce a lot of noise. 
Noise affects man physically, psychologically, pathologically and socially. 
Noise can damage hearing, interfere with communication, cause annoyance, reduce 
18. Singh, S., Environmental Geography, Paryag Pustak Bhavan, Allahabad, 2006, p. 459. 
33 
efficiency, disturb sleep, symptoms of withdrawal like mood swings, lethargy 
anddepression, irritation and hinder cognitive development in children. Consequently, 
it leads to high blood pressure, headache, indigestion and insomnia etc'^' ^^. Noise 
pollution can also be harmful to animals. It may interfere with the natural cycle of 
animals including feeding behaviour, breeding rituals and migration paths. 
1.9. Urban Morphology: The morphology refers to the development of external 
shape and the internal structure of the concerned area. The morphological features of 
the city have been determined by site characteristics, arrangement of buildings and 
streets and functions performed in the city. Dickinson has also expressed his view 
concerning morphology of a town. His view is that morphology is concerned with the 
plan and build up of the habitat, viewed and interpreted in terms of its origin, growth 
and its functions '^. Somewhat similar opinion has also been expressed by Miuphy. He 
holds the view that morphological studies often deal with development of forms and 
patterns of the present city or other xurban areas through time, in short, with 
evolution^ .^ Another significant part of this subfield deals with the study of the social 
forms which are expressed in the physical layout of a city and conversely, how 
physical form produces or reproduces various social forms. 
The essence of the idea of morphology was initially expressed in the writings 
of the great poet and philosopher Goethe (1790); the term as such was first used in 
bioscience^ .^ Recently, it is being increasingly used in geography, geology, philology 
and other subjects. 
Urban morphology approaches hxmian settlements as generally unconscious 
products that emerge over long periods, through the accrual of successive generations 
of building activity. This leaves traces that serve to structure subsequent building 
activity and provide opportunities and constraints for city-building processes such as 
land subdivision, infirastructure development or building construction. Articulating 
and analyzing the logic of these traces is the central question of urban morphology. 
19. Bond, M., "Plagued by Noise", New Scientist, November 16, 1996, p. 14-15. 
20. Kierman, V., "Noise Pollution robs kids of Languages Skills", New Scientist, May 10, 1997, 
p. 5. 
21. Dickinson, R. E., The West European Cities: A Geographical Interpretation, London, 
1961, p. 8. 
22. Murphy, R. E., The American City: An Urban Geography, New York, 1966, p. 4. 
23. Urban Morphology-Wikipedia the free Encyclopedia, http://en. Wikipedia.org/wiki/urban_ 
morphology. 
34 
Urban morphology is not generally object-centred, in that it emphasizes the 
relationships between components of the city. There is a tendency to use 
morphological techniques to examine the ordinary, non-monumental areas of the city 
and to stress the process and its structures over any given state or object, therefore 
going beyond architecture and looking at the entire built landscape and its internal 
logic. 
hi broader sense, there are three schools of urban morphology: Italian, British, 
and French^ '*. The Italian school centres around the work of Saverio Muratori and 
dates from the 1940s. Muratori attempted to develop an 'operational history' for the 
cities he studied, which then provided the basis for the integration of new architectural 
works in the syntax of the urban tissue. Stemming from this view are contributions 
such as Gianfranco Caniggia's, who conceptualize the city as a dynamic procedural 
typology, which see political-economic forces as shaping a built landscape already 
conditioned by a particular logic, set of elements, and characteristic processes. 
The British school centres around the work of MRG Conzen, who developed a 
technique called 'town-plan analysis.' For Conzen, understanding the layering of the 
town plan (allotment system and roads), the building fabric and land use through 
history was the key to comprehending urban form. Followers of Conzen such as JWR 
Whitehand have examined the ways in which such knowledge can be put to use in the 
management of historic and contemporary townscapes. 
The French school based principally at the Versailles School of Architecture, 
has generated extensive methodological knowledge for the analysis of urbanization 
processes and related architectural models. Much emphasis is laid upon the 
importance of built space for sustaining social practices; the relationship between the 
built landscape and the social world is dialectical with one shaping the other. 
The morphological changes in urban perspective indicate changes in spatial 
and fimctional distribution of land. Generally, it involves decline in area under vacant 
and agricultural land, conversion of single and double story building into multistory 
structures and increase in residential and non-residential areas such as industrial, 
commercial, institutional, transportation and recreational etc. 
In economic terms these changes are manifested in considerable quantities of 
land being brought under industrial, commercial and other uses like industrial estates, 
24. Ibid. 
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commercial arcades, warehouses, government and institutional office complexes, 
recreational use and so on, that makes heavy demand on urban space which is being 
met through redevelopment of existing land uses, conversion of outlying rural lands 
into urban uses, elimination of natural vegetation from the urban scene and great 
vertical development of structures in the form of skyscrapers etc. 
1.10. Land Use: Land use is the most important indicator for determining the process 
of urbanization. It is defined as the spatial aspects of the type of human activities on a 
piece of land to serve human needs such as residential, commercial and industrial etc. 
Man's activity and the various uses which are carried on land or for everything land is 
used for by the residents of the country fi-om farm to hospitals, parks and grave lands 
etc is the result of a very distinctive interaction between two forces; human need and 
physical environment. The pattern of land use of a city or town is an indicator of its 
anthropogenic transformation. Here, urban land use deals with the pattern of spatial 
distribution of the city's fimctions for example residential, industrial, commercial and 
recreational etc^ .^ The characteristics of land use of a place is mainly determined by 
the physical factors, tiie economic forces, the values and attitudes held by the 
residents and resultant actions in the selection of locations to satisfy these values and 
attitudes. The generaUzations made by Burgess, Hoyt, Harris and Ullman reveal 
heavy emphasis on economic determinants of land use, with the assumption that 
human value systems and group actions are self-regulating and are contained by 
dominant economic forces^ .^ The rationale behind the economic explanations of the 
urban land use pattern is based on the assumption that economic factors act beyond 
the immediate environs of any particular urban centre which involves consideration of 
the structure and functioning of the urban economy as it fits into the larger economy 
of the region and the nation. Both regional and localized forces interact to shape the 
land use patterns. Most of the land economists view urban land use in a broader 
fi-amework of the Equilibrixom Theory which states that each land parcel is determined 
by the urban land market. Accordingly, the land is considered as a commodity traded 
in the market subject to the forces of supply and demand. Urban land is considered to 
have value because of its potential to produce income in fiiture. Efficiency of use is 
measured by its rent paying ability, the ability of a use to extract economic utility 
25. Pandit, S., "Urbanization: The Indian Way", in Yadav, C.S., Contemporary Urban 
Issues (Ed.), Vol. 8, Concept Publ. Co., New Delhi, 1987, p. 289-307. 
26. Chapin, F. S. (Jr.), Urban Land Use Planning, Harper and Brothers Publ. New York, 1957. 
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from a site. 
Thus, the land use structure of the city is determined plot by plot, parcel by 
parcel by forces of the urban land market. In addition, the social action in a particular 
city influences the location and arrangement of land uses although they are less 
understood and frequently confused with the economic determinants. Both kinds of 
influences interact with each other and it is difficult to differentiate the effects, social 
scientists in order to provide a coherent framework for interpreting the urban land use 
structure, are increasingly directing their attention to the role that social values and 
ideas play in determining the land use pattern in cities. 
In essence, the behavioural patterns of individuals, institutions and forms 
which occur in the spatial patterns largely determine the physical structure of a city. 
Chapin postulated that, "looking at urban land use pattern as the aggregate product of 
many individual and group actions in occupying and improving the land, we may 
view those actions as a form of human behaviour activated by certain human needs 
and wants"^ .^ He further explained that certain individual or group led values 
concerning the use of a particular parcel or area set in motion a four-phase cycle of 
behaviour which culminates in the parcel or area being put to a particular use. These 
phases are the part of the cycle of human behaviour or of the bahavioural pattern 
which are classified as (i) experience of needs and wants (ii) defining goals (iii) 
plaiming alternatives and (iv) deciding and acting. Carter has appropriately 
sxmimarized the findings in this way: "from these values, both conscious and 
subconscious or explicit or implicit, of individual or groups of individuals, patterns of 
bahaviour are generated, leading to those actions in the urban setting which are the 
determinants of the land use pattem"^ .^ 
The land use pattern of any urban area is a reflection not of the inmiediate and 
current space requirement of a community rather of their cumulative needs over a 
period of years. The urban areas are complex systems which have created myriads of 
problems and the need for adjustment and modification in the physical form. As a 
matter of fact many diverse forces are consistently acting upon urban society, creating 
pressure for growth and renewal in the physical form of the urban environment. It is 
designed to investigate basically the location, intensity and amount of land required 
27. Ibid. 
28. Yadav, C. S., Morphology of Towns (Ed.), Vol. 10, Concept Publ. Company, New Delhi, 1987, 
p. 4. 
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for the various space using functions of city life, industry, wholesaling, business, 
housing, recreation, education, open spaces and cultural activities of the people. 
1.11. Household: A 'household' is usually a group of persons who normally live 
together and take their meals from a common kitchen unless the exigencies of work 
prevent any of them from doing so^ .^ Persons in a household may be related or 
unrelated or a mixture of both. The important Unk in finding out whether it is a 
household or not is a conmion kitchen. There may be one member households, two 
member households or multi-member households. 
The concept of household has been defined differently by the scholars of 
different backgrounds. Households vary according to many different characteristics, 
such as size and composition, income and consumption behaviour, habit, attitude and 
preferences. It is a not uniform entity. Every household can be regarded as a special 
and unique entity with individual characteristics. With the growing complexity of 
society, the variety of types of households has increased. Traditionally, a household 
has been perceived a family household, the primary unit in which the individuals are 
socialized and interact with each other, and can be considered as the molecular units 
ofapopulation^". 
As a socio-demographic unit, a household can be described according to its 
composition reflecting the mutual relationship among its members. The family has 
always been the basis for classifying households. A household can be considered as 
an economic unit in that the income earned by its members is usually shared. The 
income enables the household to meet the needs and wants of its members, and is 
therefore an important discriminatory factor. Income based characteristics are also 
commonly used to refer to particular types households, e.g. "wage-earner household", 
"welfare-mother households" and "double-income households"etc. 
Households are also spatial entities, with a clear spatial coimotation; without 
an address a household can not be established. Geographers are mainly concerned 
with the relationship between spatial setting and specific household characteristics 
and also the behavioral characteristics of different types of household in specific 
environmental settings. With regard to house and housekeeping, a household is 
directiy subjected to external influences such as the policy interventions from various 
29. Primary Census Abstract (2001), 2004, op. cit., p. xxxix. 
30. UN., Estimates and Projection of the number of households by Country, 1975-2000, UN 
Population Division. 
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perspectives including housing policy, tax and income policy and migration policies. 
Thus, a household is established within a legislative and institutional context 
as well, which limits the opportvinities for and constraints on household formation. 
Setting up a household is not only the result of socio-demographic and economic 
behaviour but is also bound by legal rules . 
31. Schemid, J., "Principle Emerging from Sociology for definition and typologies of Household 
Structures" in N. Keilman et al (Ed.) Modelling Households Formation and Dissolution, 
Clarendon Press, Oxford, 1988. 
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QeograpfiicaCSetting 
Before investigation the environmental and morphological changes brought 
out by urban development, it is necessary to have an overview of its physical and 
social attributes. It has widely been accepted that these factors not only shape 
geographical identity of a region but also immensely govern the areal spread and 
degree of concentration of population. Thus, without their understanding one can not 
fully appreciate the process and pattern of development. In the present analysis, an 
attempt has been made to examine physical, historical, demographic, economic and 
socio-cultural attributes of the study area. It is assiimed that all these variables have 
direct bearing in the process and pattern of urban development. 
2.1. Physical Setting 
Geographically, Delhi is located in between 28°24'17" and 28°53'00" north 
latitude and 76°50'24" and 77°20'37" east longitude. It has attained its altitudinal 
ranges in between 700 and 1000 feet in the northern plain of India. It covers an area of 
1483 sq. km. with maximum length and breath of 51900 km and 4848 km 
respectively'. Situated on the both side of the River Yamuna, Delhi is flanked by 
Uttar Pradesh in the east and Haryana on the north, south and west (Fig. 2.1). 
Physically, it is 'Land locked' as vast riverine plain of the sub-continent narrow down 
in this sector between the TTiar desert-Aravalli barrier, projecting itself from the 
south-west and the Himalayan outliers thrusting themselves from the north and thus 
giving this area the character of a broad alluvial neck. 
The general slope of the land in Delhi, as evidenced by the main direction of 
the river Yamuna, is from north to south. A local watershed, which is perceptible to 
the west of the river divides the drainage system of the region into two sectors. The 
eastern region drains itself into the Yamuna, the surface water of the western region 
passes through natural depressions southward into the Najafgarh drain. 
Out of the Delhi's total area of 1483 sq. km.. Municipal Corporation Delhi 
(MCD) occupies an area of 1397.29 sq. km. (558.32 sq. km. rural & 838.97 sq. km. 
urban), containing 96.96 per cent of the total population while the rest is shared by 
New Delhi Municipal Council (NDMC) and Delhi Cantonment Board (DCB). For 
administrative purposes, the study area has been divided into 12 zones namely City, 
Central, South, Karol Bagh, Sadar Pahargunj, West, Civil Line, Shahdara South, 
Shahdara North, Rohini, Narela and Najafgarh (Fig. 2.2). The division of zones is 
Delhi Gazetteer, Gazetteer Unit, Delhi Administration, Delhi, 1976, p.l. 
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neither based on population nor area but only cultural parameters like railway line or 
high ways are considered as zonal boundaries. Each zone has varying number of 
Table 2.1. Delhi: Distribution of Wards in Different Zones (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
Name of Zones 
City 
Central 
South 
Karol Bagh 
Sadar Pahar 
Ganj 
West 
Civil Line 
Name & Number of Wards 
Minto Road (1), Nizammuddin (2), Darya Ganj 
(109), Jama Masjid (110), Ballimaran (111), Qasab 
Pura (112), Chandni Chowk (113), Civil Line (114) 
Sewa Nagar (3), Defence Colony (4), Jangpura (5), 
Bhogal (6), Okhla (7), Siriniwas Puri (8), Greater 
Kailash 11 (9), Kalkaji (10), Tughlakabad (63), 
Sangam Vihar (64), Badarpur (65), Harkesh Nagar 
(66) 
Malviya Nagar (11), Greater Kailash I (12), Hauz 
Khas (13), Gulmohar Park (14), R.K. Puram (15), 
Vasant Vihar (16), Mehrauli (57), Chattarpur (58), 
Saket (59), DeoU (60), Ambedkar Nagar (61), 
Madangiri (62) 
East Patel Nagar (125), South Patel Nagar (126), 
Rajender Nagar (127), Naraina (128), Beadonpura 
(129), Dev Nagar (130), Kishan Ganj (133), Anand 
Parbat(134) 
Bazar Sita Ram (107), Paharganj (108), Subzi 
Mandi (121), Sadar Bazar (122), Qadam Shariff 
(131), Manak Pura (132) 
Janakpuri (17), Nangal Raya (18), Pratap Nagar 
(19), Subhash Nagar (20), Tagore Garden (21), 
Tilak Nagar (22), Rajouri Garden (23), Raghubir 
Nagar (24), Madipur (25), Paschim Vihar (26), 
Khyala (45), Guru Nanak Nagar (46), Hastsal (47), 
Uttam Nagar (48), Karamoura (123), Ramesh 
Nagar (124) 
Bhalswa Jahangirpuri (103), Burari (104), Adarsh 
Nagar (105), Sarai peepal Thala (106), Timarpur 
(115), GTB Nagar (116), Rana Pratap Bagh (117), 
Model Town (118), Kamla Nagar (119), Shastri 
Nagar (120) 
Total No. of 
Wards 
08 
12 
12 
08 
06 
16 
10 
Contd... 
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8 
9 
10 
11 
12 
Shahdara South 
Shahdara North 
Narela 
Najafgarh 
Rohini 
Total 
Trilokpuri (67), Dallupura (68), Mayur Vihar 
(69), Kondli (70), Shakarpur (71), Mandawali 
(72), Geeta Colony (73), Laxmi Nagar (74), 
Gandhi Nagar (75), Raghuvarpura (76), 
Krishna Nagar (77), Jagatpuri (78), Preet 
Vihar (79), Vishwas Nagar (80), Shahdara 
(81),VivekVihar(82) 
Dilshad Garden (83), Seemapuri (84), Nand 
Nagri (85), Gokalpur (86), Rohtas Nagar 
(87), Bhawanpur Khera (88), West Gorakh 
Park (89), Babarpur (90), Seelampur (91), 
Jafrabad (92), Ambedkar Basti (93), 
Usmanpur (94), Yamuna Vihar (95), Maujpur 
(96), Karawal Nagar (97), Mustafabad (98) 
Bawana (37), Kanjhwala (38), Narela (101), 
Alipur(102) 
Peeragahi (39), SuUanpur Majra (40), 
Mangolpuri North (41), Mangolpuri South 
(42), Nangloi (43), Mundka (44), Roshanpura 
(49), Isapur (50), Dabri (51), Sagarpur (52), 
Matiala (53), Madhu Vihar (54)Bijwasan 
(55),Mahipalpur(56) 
Tri Nagar (27), Keshavpuram (28), Shakurpur 
(29), Saraswati Vihar (30), Shalimar Bagh 
(31), Pitampura (32), Rohoni (33), Badli (34), 
Rithala (35), Prahaladpur Banger (36), Bharat 
Nagar (99), Ashok Vihar (100) 
16 
16 
04 
14 
12 
134 
Source: MCD 2001 
wards (Table 2.1). There are 134 wards in all (Fig. 2.3). There is no pattern in the 
numerical distribution of the wards^. 
2.1.1. Geology 
The geological formation of the state dates back to the Proterozoic and 
2. Civic Guide, Municipal Corporation of Delhi, Delhi, 2001, p. 9. 
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Quaternary ages. The generalized succession of rock formation reported are the 
Quaternary era represented by recent and sub-recent soils, alluvium, sand and nodular 
lime stone, pegmaties and basic intrusive belonging to post Delhi intrusives; and 
Alwar quartzites of Delhi system^ The Alwar quartzites are white, pale pinkish in 
colour, more or less streaked and mottled with brown and reddish tints due to the 
grains of iron oxide and oxidized pyrite they contain. They break with sub-conchoidal 
fracture and sharp splintery edges showing clearly vitreous quartz grains of which 
they are essentially composed. Ripple marking and current bedding are common 
while sun cracks are less frequent. Apart from road making material (sandstone and 
gravel) and china clay deposits, Delhi does not possess any other mineral of economic 
importance. The Delhi Quartzite provides inexhaustible supply of building and road 
making material. The rocks are extensively quarried at Pahargunj, Jhandewalan, 
Rohtak road, Mehrauli, Rathia Lado Sarai and other places. The china clay mines are 
located in south Delhi. Quarrying of sand stone is done at Okhla, Badarpur and at 
Bhatti. 
2.1.2. Structure and Relief 
Topographically, Delhi forms part of the agriculturally most fertile Ganga 
plain. Its monotony, however, is broken by the eroded remnant of the Aravalli 
System. Physically, four segments make-up Delhi's territory'*: 
2.1.2.1. The Kohi or hilly areas 
2.1.2.2. The Khadar or new alluvium 
2.1.2.3. The Banger or old alluviimi 
2.1.2.4. The Daber or low lying areas 
2.1.2.1. The Kohi 
The kohi or the Aravalli outcrop enters Delhi through Gurgaon on the southern 
border and expands into a five to six km. wide elongated ridge or a series of ridges 
running north-northeast and south-southwest direction. It is the culminating spur of 
the Mewat branch of the Aravallis which has been thrown out by the Aravallis 
towards the rich and level Ganga plaint The Ridge enters the union territory from the 
south and extends like a "lean but wiry finger straight to the Yamuna" in a north-
easteriy_direction (Fig. 2.4.). A branch of the ridge separates itself from the main 
5. Ibid. 
trunk near Bhati and extends in a north-easterly direction upto Arangpur where it 
turns to the north-west till it rejoins the main ridge in a sweeping curve. Apart from 
this main branch, there are a number of flanking spurs adding to the complexity of the 
landscape and at the same time greatly expand the area of the ridges. The ridge is 
fairiy dissected and characterized by low water table. Due to inadequacy of water and 
rocky nature of the terrain, the ridge is generally bare of vegetation. It achieves the 
height of 1045 feet near Bhati which is probably the highest point. Relatively, this 
point is about 360 feet higher than Yamuna Railway Bridge. The ridge forms the 
principal watershed in the area, the eastern drainage passing into the Yamuna and the 
western into the Najafgarh basin. The total ridge area is approximately 86.9 sq. km. It 
is divided into: The Northern Ridge area (Delhi University) 9.9 sq. km; The Central 
Ridge - 8.7 sq. km; The South Central Ridge - 6.3 sq. km and The South Ridge - 62 
sq. km. A 225 metres contow separates this hilly tract from the surroimding flat lands. 
The thickness of various strata of Delhi's Ridge series varies from 2000 ft. to 13000 
ft. and is mainly composed of quartzite and also pebbles and chowk. 
2.1.2.2. The Khader 
The low lying flood plain along the Yamima is called Khader or the area of 
new alluviam deposits. The Khadar tract is formed by the deposits of clay and course 
sand. It forms a narrow strip along the west bank and a wide beU adjoining the east 
bank of the Yamuna (Fig. 2.4). It is characterized by a wide silt flate which is broken 
by hollow holding standing water. It is confined to the flood plain of the river towards 
east on lower grounds (200 meters) and is liable to inundation during the floods. 
During the rains, a considerable area of the khaddar land either becomes swamp or is 
completely submerged under water, while in the cold season the surface becomes dry 
and water can be found by digging a few feet. 
2.1.2.3. The Banger 
The Banger or upper alluvial plain, composed of older fluvial deposits spread in 
the north-west section of Delhi (Fig. 2.4), is more elevated and drier than the khaddar. 
It is the region of the earlier Pleistocene deposits. It is situated away from the Yamuna 
and occupies higher land. The larger area of the tract is subjected to inundation by 
rain water which does not find any exit on account of poor external drainage. The 
water table is comparatively lower. It is characterized by patches of saline 
efflorescence which are the result of the composition of the alluvium and the gentle 
slope of the land. 
47 
DELHI 
PHYSIOGRAPHIC DIVISIONS 
Source: Census Atlas of Delhi-1961 
Fig. 2.4 
48 
2.1.2.4. The Dabar 
The Dabar is a basin area in west Delhi between the Ridge and the Banger 
(Fig. 2.4). The drainage of the hills collects in this natural receptacle. The area is drier 
than the rest of the area with evidence of wind erosion and deposition such as 
deflation hollows and dunes. A low-lying tract near village Gimianhera, close to the 
border of Haryana, is a lacustrine basin. The Najafgarh lake, which existed here, has 
been drained and cultivated since 1940. This lake reportedly covered an area of 
226.63 sq. km. 
2.1.3. Climate 
On account of its inland position, comparatively high latitude, proximity of 
desert and the prevalence of air of the continental type during the major part of the 
year, the climate of the union territory of Delhi falls under the "Semi Arid Type", 
characterized by excessive dryness associated with intensely hot summer starting 
from the middle of March to the end of June and a surprisingly cold winter from 
November to the mid-February^. It is followed by the monsoon which continues till 
the end of September. The months of October and November mark the fransition 
period between the monsoon and winter. By the late November the winter season sets 
in, again giving way to summer in March. Broadly, the year can be divided into 
winter, summer and rainy seasons. 
2.1.3.1. The Winter Season 
The cold season starts in late November and extends to about the beginning of 
March. On an average, in winter the weather is generally fine. Average winter 
temperatures are about 16.5°C though the highest and lowest recorded temperatures 
are about 33°C and -1°C respectively'. Mean day temperature oscillates between 
21.5°C to 28.5°C and night temperatures between 6°C to 10.5°C (Table 2.2 and 
Fig.2.6). January is the coldest month with the mean maximum temperature at 19.3°C 
and the mean minimum at 7.8°C. Dry and invigorating winds from west and north-
west direction blow towards Delhi. It lies on the frack of 'westerly depression' which 
causes winter rainfall from December to February that mostly does not exceed about 7 
centimetres (cms) (Fig. 2.5). 
2.1.3.2. The Summer Season 
From the middle of March, the temperature begins to rise fairly rapidly. 
6. Aziz, A., Changing Face of Delhi- A Geographical Perspective, Indisco, 1983, p. 9 
7. Ibid. 
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Table 2.2. Delhi: The Month-Wise Break up of the Average Rainfall, 
Temperature and Humidity 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Months 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sq)t 
Oct 
Nov 
Dec 
Normal 
rainfall 
(mm) 
21.6 
19.3 
14.0 
6.5 
11.8 
50.9 
174.8 
179.3 
107.9 
18.5 
3.5 
8.8 
No. of 
rainy days 
1.2 
1.0 
0.8 
0.5 
O.S 
2.1 
7.4 
7.9 
4.0 
0.8 
0.1 
0.4 
Temperatures (C°) 
Mean Max. 
21.1 
24.0 
30.2 
36.5 
39.7 
36.9 
35.3 
32.2 
33.4 
31.9 
28.5 
23.1 
Mean Min. 
7.7 
10.8 
16.7 
20.8 
25.1 
27.1 
27.3 
25.8 
24.7 
19.2 
11.2 
5.9 
% of relative 
humidity 
65 
67 
53 
30 
28 
56 
70 
82 
70 
60 
57 
60 
Source: Indian Metrological Dq)t. and Regional Meteorological Centre, New Delhi, 2001. 
Humidity: At 5.30 P.M. (I.S.T.) 
Sununer is hot and dry with an average temperature of about 32°C (Table 2.2 & Fig. 
2.6). May and June are the hottest months. The mean maximum and mean minimvim 
recorded temperature in summer is about 40.3°C and about 18.7°C respectively. In 
May-Jvme, temperature soar to 45-47°C. Mean day temperature varies between 40.5°C 
to 36°C. The day temperature is higher in May but the nights are warmer in June. 
From April, the hot wind known locally as 'LOO' (a hot and dry local wind) blows 
and the weather became unpleasant^ During this season areas around Delhi are 
intensely heated up as result a low pressure is developed with feeble air circulation. 
This low pressure coupled with differential heating of lands adjacent to Delhi creates 
thermodynamic instability which leads to development of local thunder and dust 
storms. Thunder storms are often accompanied by hail and dust storms are 
accompanied by a little rain which hardly falls on the ground as it gets dissipitated in 
strong dust laden winds. However it lowers the temperature and brings contemporary 
relief in the scorching heat. A little rain fall also takes place in summer months also 
but does not exceed 10 cms. The average relative humidity is recorded 25 per cent 
during this season (Fig. 2.5). 
8. Delhi Gazetteer, 1976, op.cit. p. 34. 
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2.1.3.3. The Rainy Season 
By the end of June, South-West monsoon from the Bay of Bengal accounts for 
most of the precipitation received by Delhi and causes temperature to fall by 5°C. July 
and August are the rainiest months and by the end of September the rainy season is 
almost over giving normal annual rainfall of about 616.9 mm (Table 2.2 & Fig 2.5). 
Out of the total rainfall in Delhi, nearly 80 per cent occurs in the monsoon months 
that are characterized by 77 per cent humidity. The amount and duration of rainfall is 
however not great and mostly erratic in its areal distribution and intensity. But in 
general, the rainfall in Delhi increases from south- west to north-east, i.e., toward the 
Yamuna river to the east side of the Ridge. 
2.1.4. SoUs 
The soils of the Union Territory of Delhi are mostly alluvial in origin and 
generally of medium fertility. They are in general sandy loams, the percentage of 
course fraction being about 70 per cent and that of the fine fraction about 30 per cent. 
The soils are rather poor in nitrogen and organic matter. The total and available 
phosphoric acid seems to be well supplied and vary between 0.09-0.03 per cent and 
0.044-0.005 per cent respectively. The soils are also well supplied with total and 
available potash. The lime content varies between 0.34 and 1.06 per cent'. The water 
extracts of the soil show an alkaline tendency with an average pH of 8. 
As the soils of the Union Territory of Delhi have been influenced by the river 
Yamuna, the flood water, the Ridge and the wind from the south west direction; it has 
following physiographic divisions'". 
2.1.4.1. The Khadar Soils (Recent Alluvium) 
2.1.4.2. The Banger Soils (Old Alluvium) 
2.1.4.3. The Dabar Soils (Low-lying Alluvium) 
2.1.4.4. The Kohi Soils (Hilly) 
2.1.4.1. Khadar Soils 
The Khadar Soils are found in a low lying flood-plain along the west and east 
banks of Yamuna and show distinct stratification (Fig. 2.7). They are usually loams 
and sandy clays. Clay content generally varies between 13 per cent and 17 per cent 
and in lower horizons it is below 10 per cent. The structure is mainly single grain or 
9. Raychaudhuri, S.P. et al, Soils of India, ICAR, New Delhi, 1963, p. 435. 
10. Gazatteer of Rural Delhi, Gazetteer Unit, Delhi, Administration, Delhi, 1987, p. 48-49. 
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weakly developed granular. Calcium carbonate is irregularly distributed and ranges 
from 1- 4 per cent. The pH value varies from 8.0 to 8.8 and the soils turn somewhat 
more alkaline with depth. On an average, soils are fertile and with good management 
practices high yield of crops can be obtained. These soils are suitable for a variety of 
crops. 
2.1.4.2. The Bangar Soils 
The majority of the soils of this type lies adjacent to the Khadar soils and is of 
a more clayey composition (Fig. 2.7). Usually the pH value increases with depth. 
These soils are generally fertile with high moisture holding capacity. The average 
nitrogen content of the cultivated area is found nearly 0.045 per cent. Variety of crops 
can be grown on these soils. 
2.1.4.3. The Dabar Soils 
Generally, the Dabar soils are found in the basin area between the Ridge and 
the Banger. They are sandy loam in texture becoming slightly heavier with depth and 
are lighter from east to west. The soils are generally poor in organic matter and 
nitrogen content. The average nitrogen content is found at 0.032 per cent. 
2.1.4.4. The Kohi Soils 
Khohi soils are formed from the quartzite or sandstone rocks of the Delhi 
ridge. These soils are modified to some extent by the Aeolian deposits. The soil 
texture varies from sandy loam to loam. Clay loam types may also occur occasionally 
occur. Calcium carbonate concentrations are met occasionally in the lower horizons 
usually below 152 cms. and pH value varies from 7.0 to 8.0. The average nitrogen 
content of the cultivated area is about 0.35 per cent. Depending on the availability of 
irrigation, they are suitable for a variety of field crops, vegetables and orchards. These 
soils are excessively drained with moderate permeability. Due to uneven topography, 
the Kohi soils are subject to erosion. 
2.1.5. Hydrology 
2.1.5.1. Surface Water: River Yamuna 
Beside the Ridge, Yamuna is most conspicuous feature of Delhi. It drains the 
territory, entering from the north-east at an altitude of 210.3 metres and flows 
southwards with an average fall of 10? or 11? a mile. It has a 48 km long course 
through the city and leaves it at an altitude of 198.12 metres in the south east. The 
width of the river varies between 1.5 and 2 km in its flow from the Wazirabad 
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barrage to the New Okhla barrage. The 22 km stretch of the river encompasses 41.87 
sq. km". During rainy season the river spreads over several miles. Maximum depth 
during flood is as much as 25 feet but in winter it normally does not exceeds 4 feet. 
The banks are low and the bed is sandy. The river, though not very active agent of 
erosion, is gradually eroding and shifting eastwards. During Moghal times it clung to 
the walls of Red Fort from where it is about half a mile in the east. 
2.1.5.2. Ground Water 
The water table of Delhi, in general, is low. Ground water flows from the 
eastern side of the Ridge to the Yamuna river and from the western side towards the 
Najafgarh lake side. Though much of the water is brackish, about 237 MCM of water 
is withdrawn annually for different uses, including for drinking purposes by CGWB. 
In rural Delhi, more than 50 per cent of the land is irrigated by ground water. 
2.1.6. Fauna and Flora 
The environment of Delhi was once having more abundant vegetative cover 
than it has now. The Ridge and the other spurs of Aravallis were covered with trees 
and bushes of various types and so were the parts of the plain. The equilibrium 
between the vegetative and animal life has been disturbed as a result of slow 
deforestation in and aroimd Delhi. Otherwise, too, the region was not very rich. 
However, there is yet a variety of faima. Among the wild animals blackbuck, Gazella, 
Pig, Hyena, Wolf, Fox, Jackal, Hare and Porcupine are seen lingering around the 
outskirt of Delhi. Monkeys, because of their sanctity among certain section of society, 
gravitate towards populated centers. Among reptiles Lizards and snakes of various 
species are quite common. Fowls are numerous, most conspicuous are Owl, Eagle, 
Vulture, Falcon, Kite, Kingcrow, Bulbul, Saras, Coot, Nilkanth, Hawk, Koil, Crow, 
Lark, Robin, Patridges, Pigeons, Sandgrous and Bushqualis. There are certain 
migratory birds which appear in winters; they are Teal, Ducks, Geese, Crane, Sripes, 
and Greyqualis etc'^' '^ . Environment of Delhi is poor in timber trees. Natural 
vegetation of this region is a synthesis of certain aspects of the floras of the arid 
region of Rajasthan, of the drier regions of the upper Gangetic plain and the plain of 
Haryana. Botanically, it is called scrub forest type of vegetation. It is estimated that 
by 2001, the total area under forest is 88 sq. km. Out of which dgnse forest covers 35 
11. Delhi Environmental Status Report, op. cit., 2000,^48^' ' 7 ^ ^S'^'} ^^Cx 
12. Aziz, A., 1956-57, op.cit, p. 38-44. • ^ ^^^ N Q „ ) ' ^ ^ ' 
13. Delhi Gazetteer, 1976, op.cit. p. 25-32. v^ . l ^ " " / ^ 
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sq. km., open forest 53 sq. km. and scrub 3 sq. km. Its surviving natural vegetation 
comprises trees such as Kikar, Soobabul, Khor, Plas, Dhao, Hingan, Khejri, Farash, 
Nim, Bakain, Pipal, Bur, Dhak, Gular, Tun, Shisham, Jaman, Imli, Siras and Palm 
trees. Among the aquatic plants Lotus and Ann are noticeable. In New Delhi various 
imported varieties are planted for shade and decoration; pine trees planted in Raisina 
deserve mention. There are a number of plants grown for medicinal purpose including 
Bale, Amaltas, Imli, Falsa, Gulkhairu, Nim, Sarphonk and Gilou etc. Among wild 
plants are found Ber, Jaud, Sarkanda, Rasant, Karil and Kair''*. 
2.2. Historical Setting 
Delhi has traveled a distance of several centuries before reaching its present 
position. It germinated and took roots in the soils of the historic triangle between 
Yamuna and Aravalli hills first at Indraprastha and then like a wanderer at sites that 
suited its needs and wants but never outside the 'triangle''^. The long path Delhi has 
traveled to reach the present stage has tempered it and has shaped its character and 
personality. 
Through out the historical periods, it has functioned as an easily accessible 
entry point into the rich and fertile plains of the Gangetic valley reaching out to the 
Bay of Bengal and is walled up by the mighty Himalayas in the north and by the 
sprawling Vindhyas in the south. In the west, the Aravallis come up almost from the 
Arabian Sea in the south-west to meet the foothills of Himalayas in the Doon valley 
but before reaching that valley they flatten out on the banks of the Yamuna river, 
thereby creating an ideal location for the sitting of the entry point. The main interest 
of the study is to focus the process of urban development of Delhi in different 
historical periods. A clear perception of the past and the present role of urban 
development necessarily forms the background for the appreciation of the state of the 
enviroiunent and morphology that is rapidly changing. 
2.2.1. Ancient Period 
The origin of the name of Delhi is lost in antiquity. It seems to have made its 
appearance for the first time during l" and 2"'' centuries A.D. Ptolemy, the 
Alexandrine geographer has marked 'Daidala' in his map of India close to 
Indraprastha and mid way between Mathura and Thaneshwar'^ . It spelt like Dhilika, 
14. Delhi Gazetteer, 1976, op.cit. p. 18-25. 
15. Aziz, A., 1983, op.cit., p.57. 
16. Delhi Gazetteer, 1976, op. cit., p. 1. 
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Dilli, Dehli and finally Delhi in different historical periods . 
The origin and development of Delhi goes back to 300 A.D'^. Wave after 
wave people come and made their impression by their own name. Therefore it is 
named differently in different historical period. There is such a continuity of urban 
tradition in the area of present Delhi that town after town developed here some time 
on the old site and sometimes on a new site contiguous or close to the old one (Fig. 
2.11 ). The continuity of urban tradition in Delhi has been observed to be spatial as 
well as temporal. From the time of Mahabharatha to this day some town or the other 
by this or that name has remained in existence. The oldest of settlement of Delhi is 
identified by the name of Indraprastha - the capital city of Yudhisthira, then the 
second city of Pandu dynasty and subsequently the capital of Northern India'^ ' ^°. 
There are considerable differences of opinions about the site of Indraprastha but most 
of the scholars place its site on a stretch of land between Purana Qila and the present 
Delhi Gate. The exact origin of Indraprastha is lost in the hazy prehistory and 
whatever information is available in Mahabharata. The historians fi-om Mahabharata 
and other archeological evidence is indicated period of occupation of Indraprastha by 
Pandavas as computed by different historians fi"om Mahabharata and other 
archeological evidence is indicated between 1430 to 1000 B.C.^'' ^^  The rise of 
Indraprastha was a bigger and wider phenomenon which created conditions 
conducive to urban development based on pastoral- agricultural economy and 
metallurgical industries specially copper and iron industries were so established that it 
created surplus to support urban life and its activities'^. This settlement, known by 
different names at various periods has remained in almost continuous occupation in 
the subsequent periods of history namely the Rajput, the Sultanate and the Moghal 
Period. However, during these periods other cities were also founded in the vicinity of 
Indraprastha which came to be known as Delhi. 
There are various versions based on inadequate historical facts which refer to 
the founding of new settlement called Delhi or the change in the name of 
Indraprastha into Delhi. One such tradition is that Raja Dilip, a Rajput, established a 
17. Imperial Gazetteer of India, Oxford, Vol. XI, 1908, p. 233. 
18. Heam, G.R., The Seven Cities of Delhi, London, 1906, p. 73. 
19. Stephen, Carr, Archeology and Monumental Remains of Delhi, Allahabad, 1967, p. 1. 
20. Gazetteer of Rural Delhi, 1987, op. cit., p. v. 
21. Lai, B.B., Purana Qila, New Delhi, Indian Archeology, Vol. (n.m.), 1954-55, p.31. 
22. Sharma, Y.D., Delhi and its Neighborhood, New Delhi, 1964, p. 7. 
23. Report of Indian Archeology, 1971-72, p. 49. 
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city after his name. Another tradition is that by 919 A.D. a Tomar Raja built a city by 
the side of Indraprastha and because the soil was Dhilli (Loose) or Dhilika it was 
called Dhilli then Dilli and finally Delhi. Yet another version is that one Raja Dehlu 
of Kannauj founded a city after his name at Indraprastha. Syed Ahmad Khan^ "*, Can-
Stephen^^ and Cunningham^^ consider the last one to be more probable. According to 
another and more reliable tradition, Delhi was founded in 736 A.D. by Tomaras, a 
Rajput clan, who ruled over the Hariyana country with 'Dhillika' as their capital^^. 
The period from eighth to tenth century was one various Rajput clans were 
engaged in internecine wars. As a resuU, Tomar Rajputs selected the hill of south 
Delhi which was isolated and difficult to access. They first settled in Suranjkund area 
and later shifted ten km. northwest ward and founded lal hot. It was the first known 
defence work in Delhi and maybe regarded as the core of the first city of Delhi. It 
measured about four kilometres in circumference, surrounded by a lofty massive wall. 
The city changed sometime around 1153 when king Vigraharaja IV of the Chauhan 
dynasty ousted the Tomar and captured Delhi. Vigraharaja IV's grandson Prithviraja 
III extended Lal Kot to its east and north and enclosing it from northern, eastern and 
southern sides named it Qila Rai Pithora. It is commonly called the first city of Delhi, 
measured over seven km in circumference and was dotted with towers and gates^ '^ ^ '. 
The city, Qila Rai Pithora together with Lal Kot was situated on the spur of Aravallis 
surrounded by stretches of low plain. The city was more than two km long and about 
one and half km in width, the longer axis running northwest and southeast. The area 
of the city must have been about three and a half km. 
2.2.2. Sultanate Period 
The close of the twelfth centxiry saw the end of Prithviraja's rule when 
Qutubuddin Aibek captured Delhi in 1193. He laid the foundation of slave dynasty 
that spread over nearly hundred years, from 1193 to 1290 A.D. The dynasty did not 
establish a new city and capital for themselves but occupied the earlier city of Delhi 
consisting of Qila Rai Pithora and Lal Kot^°. During this time Delhi appears to have a 
flourishing city having a large population. There was a lot of building activity in this 
24. Khan, Syed Ahmad, Asarus-Sanadid, Delhi, 1847, p. 3. 
25. Stephen, C, op. cit., 1967, p. 12. 
26. Cunningham, A., Archeological Survey of India Report, Vol. I, 1857, p. 135. 
27. Gazetteer of Rural Delhi, 1987, op. cit., p.l. 
28. Sharma, Y.D., 1964, op. cit, p. 44-45. 
29. Cunningham, A., 1857, op. cit., p. 183-184. 
30. Aziz, A., 1983, op. cit., p. 25. 
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period such as Qutub Minar, several mosques, tombs & dargahs (Shrine), tanks and 
wells were constructed. Towards the close of the thirteen century Slave dynasty came 
to end and Delhi was captured by jalaluddin Khilji, the foimder of Khilji dynasty in 
1290. He made another fortress at Kilokhri (A new city near the banks of Yamuna in 
Kilokhri) which was called Naya Shahr^\ He established it as a capital. By this time 
Delhi had grown considerably and was not able to accommodate the growing 
population which spilled over into the plain in the northeast, giving rise to suburbs. In 
1303 Allauddin commenced the building of a new city called Siri more than three km 
from Qila Rai Pithora. Siri was a circular town and was a place of strategic 
importance. It remained the capital till 1321, when Ghiasuddin Tughlaq, liquidated 
the last king of Khilji dynasty and became the king of Delhi. He built a new city on a 
ridge about eight km, east of La/ Kot and named it Tughlakabad (Fig. 2.8). It can be 
claimed that it was the first planned city that was laid out on preconceived lines 
involving principle of town planning. It had a circumference of about six km and was 
roughly trapezoid in shape. There was functional segregation and zoning in the city 
and its different parts were set out for different purposes . 
After the death of Ghiasuddin Tughlaq, Mohammad Tughlaq left Tughlakabad 
due to perhaps bad water supply and built a new city called Jahanpanah, on a site 
between Qila Rai Pithora and Sin. It was an extensive and multi nucleated city that 
covered an area of sixty four kilometres and was delimited by a wall which enclosed 
the whole area lying between Qila Rai Pithora to Siri . The whole area of the city 
and its neighborhoods was thickly populated having several towns, suburbs and 
cluster of population. The well organized different types of economic, social and 
administrative activities were carried out. The city and its suburbs were dotted with 
Karkhanas (Industries) and there were as many as two thousand of them. There was 
an important market of textile; internal as well as foreign cloth from China, Egypt and 
Iraq was brought here for embroidery. Educational activities were well established, it 
is estimated that about one thousands madrasas (Islamic Schools), twelve hundred 
physicians and seventy hospitals were spread all over the city. The city and capital of 
Mohammad Tughlaq despite being very prosperous economically and very developed 
31. Khan, A., op. cit, 1984, p. 83-84. 
32. Stephen, C, op. cit., 1967, p. 91. 
33. Shahab-al-Din al- Umari, "Masalikul Absar fi Mumalika Amsar" in Siddiqi, I. H. and 
Q. M. Ahmad (Ed.) AFourteen Century Arab Account of India, Aligarh (n. m.), p. 14. 
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socially was discredited because of political unrest, a fearful famine and an obstinate 
desire by the king to shift his capital to south in Deogir. Soon Delhi became desolate. 
The city and its serais (Inn), suburbs and villages were all destroyed. It was however, 
Firoz Shah Tughlaq who built another city, called Firozabad in 1354, spread over the 
distance of about fifteen km with nearly 150,000 population^"*. The shape of 
Firozabad was half hexagon with the base towards river Yamuna. It contained 
palaces, pillared Halls, houses of nobles and mosque. The city and its suburb which 
were lying to the south were very much alive and densely populated. To 
accommodate the large demand of transportation, there was public transportation 
system. With the death of Firoz Shah Tughlaq in 1388 come to a close a period of 
about hundred years during which there was a great deal of urban activity and city 
after city were developed. It will not be out of place to mention here that the oldest 
site of Delhi that is Indraprastha was still in occupation during the Sultanate period^^. 
After Tughlaq dynasty, Syed dynasty was established for a short period (1414-1444) 
followed by Lodhi dynasty (1451-1520). During this period there was lull in urban 
activities and no cities and palaces were built. 
Geographically, the Sultanat period was very important because in the three 
hundred years six Delhi were developed namely Old Delhi, Kilokhri, Siri, 
Tughlaqabad, Jahanpanah and Firozabad. The site of these cities in the earlier phases 
remained southerly, around the Mehrauli, and remained dependent upon rocks and 
ridges. The reasons behind this tremendous urban activity bear testimony to the strong 
agricultural base of local area, political stability, consolidation of large territories and 
well integrated and highly centralized economy which could converge resources on 
the capitals of the sultans. 
2.2.3. Medieval Period 
In the first quarter of the sixteenth century (1533) Humayun, a Moghal of 
Uzbekistan selected Delhi as his capital. He built a new city on an elevated site near 
Indraprastha and named it Din-Panah in 1533. The city was an irregular oblong with 
long sides measuring 603 metres each in the east and west and short sides measuring 
300 metres each in the north and the south^^ Humayun was defeated and driven out of 
India by Sher Shah Suri and with this defeat Din-Panah fell on its bad days. 
34. Cunningham, C, op. cit., 1857, p. 100. 
35. Indian Archeology, 1970-71, p. 11. 
36. Stephen, C, 1967, op. cit, p. 185. 
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Sher Shah selected Delhi as his second capital. He destroyed Din-Panah and rebuilt 
another city in its place and constructed a trunk road to connect Delhi with Punjab, 
Bihar and Bengal. As a consequence, Delhi emerged as the nodal point in the east-
west and north-south communication system which was instrumental in its 
development. After his death in 1545, Hamayun ascended the Delhi throne second 
time in 1555. After the deatii of Hamayun in 1556, his son Akbar succeeded him on 
the throne and shifted his capital from Delhi to Agra. As the court departed Delhi 
turned into a provincial town in the shadow of its monuments. The glorious days of 
Delhi soon returned when Jahangir's son Shahjahan shifted his capital from Agra to 
Delhi in 1638 and decided to build a new city contiguous to Old Delhi and named it 
Shahjahanbad. The city had fairly distinct land uses in different parts (Fig. 2.9). The 
core of the city consisted of the commercial establishments, public buildings, 
mosques and residential buildings. Chowks at regular intervals were large open spaces 
at the intersection of the principal roads. These chowks were the sites of main bazaar 
(Market) of the commoners. Business areas were linear in pattern extending along the 
roads. There were recreational areas in different parts of the city having gardens 
adorned with canals and fountains. The whole network of roads and sfreets consisted 
of a hierarchical system that compartmentalized the city and determined its layout. 
The city were characterized by well developed infrastructure especially water supply, 
adequate arrangement for sanitation, developed system of communication and trade 
and commerce '^. 
A fatefiil turn came in the growth of Delhi after the dethronement of its 
founder Shahjahan in 1658. Aurangzeb himself did not take interest in building 
activity. The trade and commerce was steadily growing and the city was expanding. 
The expansion was such that the city extended south-wards beyond the wall upto 
Firozabad and the population grew to two lakhs. Aurangzeb left Delhi for south in 
1681 that affected its physical expansion and trade and industry in various ways. Most 
importantly, it set a tendency of willfial and haphazard growth that continued till the 
end of Moghal period. From 1707 (Aurangzeb died) till 1857 Delhi was the seat of 
weak Moghal kings. These kings were unable to develop the city and control its 
haphazard growth. On the other hand it became the arena where the new emerging 
power, Marathas, Jats and Sikhs fought for supremacy. Another process taking place 
37. Ibid. 
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parallel to the wars of supremacy was foreign invasions that immensely affected it. 
There was destruction on the physical side and disruption of trade and industry on the 
economic side. Building activity and economic growth was reduced to nothing. 
Broadly speaking, Moghal Dynasty left a far reaching impact on Delhi's 
polity, art and culture, buildings and architecture, and on entire social and economic 
life. It was rich in the tradition of urbanization, during which Delhi flourished and 
expanded to a great extent. There were many causes of urban development in this 
period. To begin with, introduction of land tenure system that was conducive to 
agricultural productivity, industrial activities and trade both inland and foreign, 
administrative reforms such as introduction of revenue system, division of territory 
into different administrative and sub administrative divisions and peace on political 
front led to the formation of towns. 
2.2.4. British Period 
A new chapter in the history of Delhi opened up in the beginning of nineteenth 
century when the British emerged as the new rulers of Delhi. They had already gained 
control of Delhi in 1803 but it was in 1857 when the last Moghal king was dethroned 
and they became undisputed master of Delhi. The British first settled in the northern 
part of the walled city in the Kashmiri Gate. Later they started shifting northwards 
from Kashmiri Gate along the banks of the Yamima and established the Civil Lines. 
The city expanded for about two miles along the Yamuna and on both sides of the 
Ridge . It was more or less self contained settlement. It had large residential plots, a 
shopping centre and offices. Besides the development of Civil lines, an over all 
development of Delhi also took place. Some altogether new areas such as Karol Bagh 
in the west, cantonment in the south west and New Delhi in the south of Old Delhi 
were developed as a result of increased urban activity. The city expanded to the west 
across the Ridge, in the gap between the southern and northern arms of the Ridge and 
to the south-west. The most important development in the British period was the 
introduction of the railways in the city. In 1867, it was coimected with Calcutta 
through the East India Railway and in 1873 the Rajputana State Railway connected 
Delhi with Bombay. As a result of these rail links the commercial and industrial 
activities of the city got a fillip. Delhi became an important marketing and distributing 
centre for the whole of north India. Industries also developed, and a separate area 
38. Delhi Gazetteer, op. cit., 1976, p. 95. 
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emerged as an industrial area along Grand Trunk Road. These activities had their 
bearing on the population of the city which increased from 140,000 in 1857 to 
210,000 in 1905^^ . The expansion of the old areas in this period and the development 
of the new ones were largely due to the urban forces which were released with the 
declaration of Delhi as the imperial capital in 1911. A very important feature of the 
second and third decade of the 19* century was the building of present New Delhi 
designated by Sir Edward Lutyen and Sir Herbert Baker that changed the landscape of 
Delhi. A meticulous plan was made for lining the avenues and setting gardens in 
consonance with Lutyen's design of New Delhi between the ridge and the river 
Yamuna. The resultant city was a majestic garden city with three important nodes. 
The central point in the layout was the Government house, the Council Chamber and 
the large block of the Secretariat. The other two nodes were the Connaught Place in 
the north and India Gate in the east. The rest of the city was also growing but 
unevenly. Places along and near the lines of communication developed greatly 
specially in the north, west and south as shown by Figs. 2.10 & 2.11. An all-round 
development in the life of the city was the logical outcome of its becoming the capital 
of India. Industrial and conmiercial activities were keeping pace with its growing 
requirements. Tramcars, buses, motorcars gradually made their appearance. Public 
utilities, electricity, filtered water supply, sewage drain were altogether new elements 
of the city life. Recreational facilities too did not lag behind. Population was also 
growing fast. In 1901, the population of Delhi stood at 4.05 lakh which increased to 
9.17 lakh in 1941 with decadal growth of 2 per cent (1901-11), 18 per cent (1911-21), 
30.3 per cent (1921-31) and 44.3 per cent (1931- 41). Older modes of transport gave 
way to new ones which were better and faster. From the time of establishment of 
British rule in 1857 till its end in 1947, Delhi was affected by the development 
activities which found expression in two ways; in a plaimed and organized manner 
which culminated in the development of a plaimed New Delhi, and in an unplanned 
and disorganized manner which resulted in unplanned development of Old Delhi. 
2.2.5. Post-Independence Period 
The last phase in the historical evolution of Delhi is represented by the post-
independence growth. It took a very significant turn in 1947 as India attained 
independence and Delhi was declared the capital of the country. This event was 
39. Heam, G. R., 77ie Seven Cities of Delhi, Delhi, 1974, p. 302-303. 
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complicated by the partition that led to large scale migration of the people. Delhi was 
affected by both the streams of migration. It is estimated that nearly 1 lakh people left 
for Pakistan whereas nearly 5 lakh persons came to Delhi recording 90 per cent 
growth of population by 1951. Therefore, its immediate as well as long range impact 
on the growth of Delhi was equally large. The main source of physical growth of 
Delhi after independence has been the increase in the population and its better 
economy. Various developmental activities such as government, trade, banking and 
industry have directly pushed the growth of Delhi and indirectly contributed to it by 
exerting their pull on the regional and national population and by performing central 
fijnctions for a large hinterland and in some matter for the whole country. It 
substantially changed its topography and arrangement by the development of 
residential colonies for the refiigees first and for the government employees and 
others later. The increasing construction of new colonies and dwelling units 
contributed firstly in the growth of Delhi and secondly in the densification of the 
existing areas. The privileged position that Delhi has been enjoying as the capital and 
its nodality in the road and rail system of the coimtry coupled with the commercial 
and industrial activity has always exerted its pull and people from near and far have 
been migrating to it and swelling its population contributing in its growth. 
2.3. Demographic Setting 
Population is necessarily a factor in urban development because to permit any 
agglomeration of hviman beings there must be some minimum number to sustain 
group life. Therefore, an attempt has been made here to discuss the different aspects 
of demographic characteristics of the study area. 
2.3.1. Population growth 
Growth of population refers to the change in the number of people living in a 
particular area between the two points of time. A perusal of the population figure 
(Table 2.3 and Fig. 2.12) indicates that since independence, the study area has been 
recording rapid population growth. It shows two discemable trends; a decreasing 
population trend in rural area, and a continuous increase in urban area. As per census 
2001, 92.79 per cent of the total population comprises of urban and 7.02 per cent of 
rural. The decadal growth rate in urban areas was recorded at 84.18 per cent, 59.53 
per cent, 64.5 per cent, 34.35 per cent and 70.63 per cent during 1951-61, 1961-1971, 
1971-81, 1981-91 and 1991-2001 respectively, while in rural areas the growth rate in 
the same period recorded was 65.49 per cent (1951-61), 57.03 per cent (1961-71), 8.0 
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Table 2.3. Delhi: Growth of Population (1951-2001) 
Year 
1951 
1961 
1971 
1981 
1991 
2001 
Urban 
(lakh) 
11.19 
20.61 
32.88 
54.09 
72.66 
124.00 
Growth rate 
(%) 
-
84.18 
59.53 
64.50 
34.33 
70.65 
Rural 
(lakh) 
3.06 
2.99 
4.18 
4.52 
9.49 
9.63 
Growth rate 
(%) 
-
-2.28 
39.79 
8.13 
109.95 
1.47 
Total 
14.26 
23.60 
37.06 
58.61 
82.15 
133.63 
Growth rate 
(%) 
-
65.49 
57.03 
58.14 
40.16 
62.66 
Source: Delhi Statistical Handbook, 2004. 
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per cent (1971-81), 109.9 per cent (1981-91) and 1.49 per cent (1991-2001). It is 
observed that the growth rate of urban population has been continuously increasing 
whereas the rural population has been rapidly decreasing. This is mainly due to the 
absorption of more and more villages in urban areas and influx of people from 
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neighboring states and from surrounding rural areas due to availability of better 
employment opportunities (Fig. 2.14). 
It can be deduced from Table 2.4 that in the growth of population, migration 
has been playing an important role as it was observed that the average annual rate of 
net migration has always been higher than the average aimual rate of natural growth. 
The average armual rate of net migration was recorded at 2.23 per cent, 2.11 per cent 
and 2.18 per cent during 1971-81, 1981-1991 and 1991-2001 respectively. The 
corresponding figure for average annual rate of natural growth observed was 2.11 per 
cent, 2.13 per cent and 1.70 per cent for the respective periods. 
Table 2.4. Delhi: Contribution of Natural Growth and Net Migration to the Total 
Population Growth (1971-2001) 
Intercensal Period 
1971-1981 
1981-1991 
1991-2001 
Average annual rate 
of growth (%) 
4.34 
4.24 
3.88 
Average annual rate 
of natural growth 
(%) 
2.11 
2.13 
1.70 
Average annual 
rate of net 
migration (%) 
2.23 
2.11 
2.18 
Source: Census of India, 2001 
As far as the migrants from different states are concerned. Fig. 2.13 indicates 
that Uttar Pradesh recorded the highest percentage (49.12 per cent) followed by Bihar 
(13.87 per cent), Haryana (10.26 per cent) and other states (32.3 per cent). 
Employment has been the main pulling factor for the migrating population. 
2.3.2. Population Distribution 
According to census 2001, there were 133.63 lakh of people in the study area 
that were unevenly distributed over an area of 1397.29 sq. km. Table 2.5 indicates that 
the largest numbers of people are found in the West (1580977), Shahdara South 
(1507183), Shahdara North (1716569), Najafgarh (1772235) and Rohini zones 
(1377007). The Central (1290485), South (1118113) and Civil Line zones (953130) 
have the medium concentration of population. Whereas the low concentration of 
population is found in City (547124), Karol Bagh (610449), Sadar Paharganj 
(378490) and Narela zones (532115). 
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Table 2.5. Delhi: Zone-Wise Population Distribution and Density (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Source: MCD 200 
Zones 
City 
Karol Bagh 
Sadar Pahargunj 
West 
Rohini 
Central 
South 
Najafgarh 
Narela 
Shahdara (South) 
Shadara (North) 
Civil Line 
Total 
Population (No.) 
547124 
610449 
378490 
1580977 
L 1377007 
1290485 
1118113 
1772235 
532115 
1507183 
1716569 
953130 
13383877 
Population density 
(person/sq. km.) 
28057 
19916 
53,915 
26,093 
15566 
15845 
7584 
3971 
1776.32 
22256 
25348 
11767 
9578.42 
2.3.3. Population Density 
The population density gives a relative picture of the population distribution in 
an area and gives an idea of the population pressure upon the resource base. It is a 
better measure for understanding the variation in the distribution of population. The 
study area with 9563.8 persons per sq. km. has experienced the highest density of 
population in India. There is marked zonal variation in the density of population 
within the study area. Table 2.5 & Fig. 2.16 indicate that the highest density is found 
in the Sadar Paharganj (53915 person/sq.km.) followed by City (28057 person/sq.km.) 
and west zones (26093 person/sq.km.). Medium density has been observed in 
Shahdara South (1507183 person/sq.km.), Shahdara North (1716569 person/sq.km.), 
Karol Bagh (19916 person/sq.km.), Central (15845 person/sq.km.) and Rohini zones 
(15566 person/sq.km.). 
2.3.4. Literacy 
Literacy is a prominent attributes of demographic characteristics which 
indicates social condition of the people. According to population census, a person is 
considered literate if he or she can read or write with imderstanding any language. 
Literacy rate of the population indicates the percentage of literate to the total 
population age 7 years and above"". Table 2.6 shows that about 82 per cent of the total 
population was literate whereas the corresponding figures for the male and female are 
87.33 per cent and 74.71 per cent respectively in the year 2001. 
41. Primary Census Abstract (2001), Series 1, Registrar General & Census Commission, Total 
Population Table A-5, India, 2004. p. xliv. 
72 
DELHI 
POPULATION DISTRIBUTION 
(2001) 
Index 
<5 i H Low 
6-10 VZA Medium 
11-15 ^ High 
>15 ^ V.High 
1 0 1 2 3 4 
Km 
Source: MCD 2001 
Fig. 2.15 
73 
Table 2.6. Delhi: Literacy Rate (%) (2001) 
S.No. 
1 
2 
3 
4 
5 
Source: Econ 
Year 
1961 
1971 
1981 
1991 
2001 
omic Survey of 
Person 
61.95 
65.08 
71.94 
75.29 
81.67 
Delhi (2005-2006) 
Male 
70.37 
72.55 
79.28 
82.01 
87.33 
Female 
50.87 
55.56 
62.60 
66.99 
74.71 
2.3.5. Sex Ratio 
Sex ratio is a very important demographic indicator to study socio-economic 
characteristics of population. The sex ratio (No. of female per 1000 males) in MCD 
area is 822, whereas in urban areas it is recorded 822 and in rural areas it is recorded 
806. 
2.3.6. Socio-Economic Division 
Unlike the other urban centres, Delhi is also characterized by different types of 
socio-economic groups. The survey of Hindustan Times and the Centre for Study of 
Developing Societies reveals that 34 per cent people of Delhi are poor and 18 per cent 
belongs to rich category. Major chtank of the people belong to middle class. Out of the 
48 per cent, 28 per cent belong to the upper-middle class and 20 per cent are in the 
lower-middle class. 
2.4. Cultural Setting 
2.4.1. Infrastructure Facilities 
2.4.1.1. Housing 
As per census 2001, there were 33.79 lakh houses in Delhi; 2.44 lakh in rural 
areas and 31.35 lakh in urban areas. Table 2.7 indicates that out of the total houses, 
58.0 per cent were in good condition, 36.70 per cent were livable and 5.3 per cent 
were dilapidated. 
2.4.1.2. Electricity 
Table 2.7 shows that the electricity was available to 23.72 lakh (92.81 per 
cent) households in 2001 and the balance 7.14 per cent households were dependent on 
kerosene, solar energy, other oil and any other source etc. 
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2.4.1.3. Toilet Facility 
Toilet facility was available to 19.91 lakh households (78 per cent) while 5.62 
lakh (22 per cent) do not have this facility. As indicated by table 2.7, out of the total 
households 45.5 per cent were having water closet followed by pit latrine (16.4 per 
cent) and other latrines (16.1 per cent). 
2.4.1.4. Drainage System 
Table 2.7 exhibits that 12.25 lakh households (49.2 per cent) were connected 
with close drainage and 10.41 lakh households (40.8 per cent) with open drainage 
while 2.56 lakh (10.1) lacked such facility. 
2.4.1.5. Separate Kitclien 
Separate kitchen facility was available to 16.87 lakh households (66.1 per 
cent) while 27.9 per cent lacked separate kitchen and 5.4 per cent preferred to open 
space in 2001 (Table 2.7). 
2.4.1.6. Source of Drinking Water 
Out of total 25.54 lakh households in Delhi as per 2001 census about 19.24 
lakh households were provided piped water supply system. About 5.60 lakh 
households were provided water supply through tube wells / deep bore hand pumps / 
public hydrants. Thus about 75.33 per cent households met their water requirement 
through piped water supply system and about 21.91 per cent household through tube 
wells / deep bore hand pumps / public hydrants. Remaining 2.76 per cent households 
depended on other sources like wells, river, tanks, canal and ponds etc (Table 2.7). 
2.4.1.7. Education Facilities 
To provide higher education, there are five universities, seventy degree 
colleges (arts, science and commerce) and twenty three colleges for professional For 
the school level education, there are 43 pre-primary schools, 1968 primary junior 
basic schools, 506 middle/senior basic schools, 1236 high/higher secondary schools 
having the total enrolment of 2241854 student with 71074 teachers'*^ 
2.4.1.8. Medical Facilities 
There are about 88 hospitals established under Govt, of National Capital 
Territory, Delhi, of which 25 hospitals are directly under the GNCTD and 39 
(including MCH) are administrated by MCD and two by NDMC. Apart from these 
hospitals, the health care at primary level is dispensed through several dispensaries. 
41. Statistical Abstract India 2001, Central Statistical Organization, Ministry of 
Statistics & Programme Implementation, Govt, of India, New Delhi, p. 434-446. 
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Table 2.7. Delhi: Availability of Amenities and FaciIiflfev^<(fiJ) 
S.No. 
A- Number of census houses 
Total 
(i) Rural 
(ii) Urban 
B- Condition of census houses 
Total 
(i) Good 
(ii) Livable 
(iii) Dilapidated 
C- Households by source of lighting 
Total 
(i) Electricity 
(ii) Kerosene 
(iii) Solar energy 
(iv) Other oil 
(v) Any other 
(vi) No lighting 
D- Households by type of latrine 
Total 
(i) Pit latrine 
(ii) Water closet 
(iii) Other latrine 
(iv) No latrine 
E- Households by type of drainage connectivity 
Total 
(i) Close drainage 
(ii) Open drainage 
(ivi) No drainage 
F- Households by availability of separate kitchen 
Total 
Available 
(i) Not available 
(ii) Cooking in open 
(iii) No cooking 
G- Households by source of drinking water 
Total 
(i)Tap 
(ii) Hand piunp 
(iii) Tube well 
(iv) well 
(v) Tank, Pond, Lake 
(vi) River, Canal 
(vii) Spring 
(viii) Any other 
Source: Census of India 2001 
Number """^ ^^ 
3,379,956 
244,688 
3,135,268 
2,554,149 
1,481,297 
936,233 
136,619 
2,554,149 
2,371,811 
158,476 
2,365 
1,369 
13,785 
6,343 
2,554,149 
417,854 
1,161,494 
411,861 
562,940 
2,554,149 
1,255,574 
1,041,655 
256,920 
2,554,149 
1,687,962 
713,754 
139,136 
13,297 
2,554,149 
1,924,140 
476,999 
82,519 
1,019 
17,409 
152 
610 
51,301 
Ac' 
nt««?en1fage 
100 
7.2 
92.8 
100 
58.0 
36.7 
5.3 
100 
92.9 
6.2 
0.1 
0.1 
0.5 
0.2 
100 
16.4 
45.5 
16.1 
22.0 
100 
49.2 
40.8 
lO.I 
100 
66.1 
27.9 
5.4 
0.5 
100 
75.3 
18.7 
3.2 
0.0 
0.7 
0.0 
0.0 
2.0 
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There are total 946 dispensaries of which, the number of dispensaries directly under 
GNCTD is 362. 294 dispensaries are operated by MCD and 45 by NDMC. Total 
hospital bed strength in the NCT of Delhi is more than 30,000, which includes 
hospital beds under government sector as well as about 10,000 hospital beds of 
private sector. The hospital bed to patient ratio in Delhi is approx. 2.2 beds per 
thousand populations against the national ratio, which is less than one bed per 
thousand populations. The ratio of hospital bed to population is much less than the 
norms of 5 beds per thousand population estabhshed by WHO. 
2.4.2. Water Supply System 
Delhi receives its water from three sources: 86 per cent of its total water 
supply comes from surface water namely the Yamuna rive; sub-surface water through 
Ranney wells and Tube wells. Apart from these sources, Delhi gets its water from the 
Ganga canal, the western Yamuna canal and the Bhakra canal. Table 2.8 indicates 
sources of water supply in Delhi. 
Table 2.8. Delhi: Sources of Water Supply 
S.No. 
1 
2 
3 
4 
Source 
Yamuna 
Ganga 
Bhakra Storage 
Ranney Well/ Tube Wells (Ground Water) 
Total 
Quantity (MGD) 
229 
160 
240 
81 
710 
Source: Economic Survey of Delhi 2007-2008 
The water obtained from these sources is treated at following treatment plants 
before distribution (Table 2.9). DJB at present has water treatment plants at twelve 
locations and proposed to increase the water supply capacity from 650 MGD as on 
31.3.04 to 914 MGD as on 31.3.2008 as per details given Table 2.9. Water supply and 
treatment capacity is being increased in Delhi in almost in each five year plan taking 
into account the requirement of drinking water for the population increasing at a very 
high rate, almost more than double to the rate of increase at national level. In spite of 
best efforts made by the government, water supply remained a matter of concern due 
to various reasons like raw water scarcity and related problems, transmission and 
distribution losses, supply with less pressure, uneven distribution, depleting ground 
78 
water level, non-recharge of ground water due to rapid urbanization, increasing cost 
of water treatment and increasing gap between water supply cost & tariff, etc. 
Consequently, the gap between demand and supply has been increasing day by day. 
Table 2.10 indicates that the demand and supply gap, which was 92 Million Gallon 
per Day (MGD) in 1951-56 rose to 100 MOD in 1961-66, 178 MOD in 1981-85,211 
MOD in 1991-92 and 361 MGD in 2001. The target for Eleventh five year plan 
(March, 2012) is kept as 985 MGD water treatment and supply by Delhi Jal Board 
(DJB). 
Table 2.9. Delhi: Water Treatment Plants 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Name of Plants 
Chandrawal Water House No. I «& 11 
Wazirabad I, H & m 
Haiderpur 
North Shahdara (Bhagirathi) 
Bawana 
Nangloi 
Sonia Vihar 
Renny wells and Tube wells 
Optimization of Water Treatment 
Plants 
Recycling of Waste Water at 
Chandrawal, Bhagirathi, Haiderpur 
and Wazirabad 
Iron Removal at Okhla 
20 MGD Water Treatment Plant at 
Okhla 
Total 
Existing capacity 
as on 31J.2004 
90 
120 
200 
100 
-
40 
-
81 
19 
-
-
650 
Proposed capacity 
at the end of 313.08 
90 
120 
200 
100 
20 
40 
140 
87 
40 
45 
12 
20 
914 
Source: Economic Survey of Delhi 2007-2008 
Inadequate water supply remains a permanently unsolved issue due to the 
absence of basic infi-astructure. A big chunk of the treated water supply is being lost 
of the 9,000 km of the existing pipelines. The loss of water on leaking pipes, overhead 
tanks and taps is also substantial. For instance, about 31.5 MGD is estimated to be lost 
in illegal taping. The total loss of water is about 48 per cent. This means that out of 
the 650 MGD of water treated by the DJB, just 312 MGD of water reaches the people. 
2.4.2.1. Water Connection Details 
The Delhi Jal Board has around 1.33 million domestic connections, and 
operates around 11.5 thousand public stand posts (Table 2.11). Different modes of 
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supply operated by the Delhi Jal Board and estimates of volumes supplied by each 
mode are presented in the Table 2.11. 
Table 2.10. Delhi: Demand and Supply Gap in Water Supply System (2001) 
Period 
1951-56 
1956-61 
1961-66 
1968-74 
1974-79 
1981-85 
1985-90 
1991-92 
1995-96 
2000-01 
Water requirement 
^ 7 0 GPD 
152 
186 
230 
323 
400 
515 
633 
683 
786 
966 
Water treatment 
capacity in MOD 
60 
90 
130 
175 
240 
337 
437 
472 
575 
650 
Supply demand gap 
in MOD 
92 
96 
100 
148 
160 
178 
196 
211 
211 
316 
Source: DJB 2001 
Table 2.11. Delhi: Mode of Water Supply (2001) 
S.No. 
1 
2 
3 
4 
5 
Type of supply 
Domestic connections 
Commercial and Institutional 
connections 
Industrial connections 
Public stand posts 
Water tankers 
Number 
1331820 
52623 
10876 
11533 
493 
Volume supplied 
(MLD) 
1124 
34 
13 
221 
10 
Source: DJB 2001 
Based on a norm of 60 gallon per capita per day as per CPHEEO (Central 
Public Health & Environment Engineering Organization, Ministry of Urban 
Development & Poverty Alleviation, Government of India) norms prescribed in MPD 
2021, recommended water requirement for domestic purposes as 150 Ipcd +22 per 
cent losses i.e. 172 litre per capita per day (Ipcd). Considering requirement for other 
uses, the total demand works out to 274 Ipcd. Table 2.12 shows detail of water 
requirement in Delhi. With the norms of 60 gpcd, water supply requirement, for 
projected population of 23 million in 2021, will be 1380 MGD as per MPD-2021. 
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Table 2.12. Delhi: Water Requirement 
S.No. 
1 
2 
3 
4 
Uses of water 
Domestic 
Industrial, Commercial and Community requirement 
based on 45000 litre per hect. per day 
Fire Protection based on 1 per cent of the total demand 
Floating Population and special use like embassies & 
hotels etc. 
Total 
Quantity (Ipcd) 
172 
47 
3 
52 
274 
Source: Economic Survey of Delhi 2007-08 
2.4.3. Settlement in Delhi 
Delhi housing statistics comprise over two-third dwelling units of squatters, 
unauthorized settlement and slums. The number of dwelling xmits occupied by 
squatters, slums and unauthorized settlement had increased by 50 per cent during the 
last decade. According to economic survey of Delhi (2007-08) 50 per cent of Delhi's 
population lives in about 1304 unauthorized colonies, 1080 Jhuggi Jhonpari clusters, 
44 resettlement colonies and 165 rural villages. 
2.4.4. Occupational Profile 
Delhi is a multi-functional urban centre with large scale industrial, commercial 
and service-oriented activities. There are nearly 45.45 lakh total workers (Table 2.13 
and Figs. 2.17 & 2.18) including both main workers (those workers who had worked 
for the major part of the reference period i.e. six months or more)"*^  and marginal 
workers (those workers who had not worked for the major part of the reference period 
i.e. less than six months)'*^ Out of the total workers, the main workers are 43.17 lakh 
including cultivators (0.72 lakh), agricultural labour (0.24 lakh), household industry 
worker (2.91 lakh) and other workers (96.11 lakh) whereas the marginal workers are 
2.27 lakh including cultivators (2.68 lakh), agricultural labour (2.25 lakh), household 
industry worker (6.17 lakh) and other workers (88.9 lakh). 
2.4.5. Industrial Development 
Industrial activity plays a vital role in the economic development of the NCT of 
42. Primary Census Abstract (2001), op. cit., 2004. p. xli. 
43. Ibid. 
Table 2.13. Delhi: Occupational Profile of the People (Lakh) in 2001 
Category 
Total Worker 
Male 
Female 
A. Main worker 
Male 
Female 
i. Cultivator 
ii. Agricultural labour 
iii. Household Indus, worker 
iv. Other workers 
B. Marginal workers 
Male 
Female 
i. Cultivator 
ii. Agricutural labour 
iii. Household industry 
worker 
iv. Other worker 
Rural 
301064 
258,032 
43,032 
273677 
240572 
33,105 
21,557 
4,903 
5890 
4,149,600 
27,387 
17,460 
9,927 
6,121 
3,452 
1379 
17,412 
Urban 
4244170 
3,702,069 
542,101 
4043839 
3,553,733 
490,066 
9,753 
5,726 
120,087 
241,327 
200,331 
148,296 
52,035 
5,144 
1,692 
12,676 
184,986 
Total 
4,545,234 
3,960,101 
585,133 
4317516 
3794345 
523171 
31,310 
10,629 
125,977 
3,908,273 
227,718 
165,756 
61,962 
977 
5,144 
14,055 
202,398 
Source: Primary Census Abstract, 2001. 
Delhi. In the post-independence period, it emerged as a major industrial and 
commercial sector with phenomenal growth in manufacturing, trading, transport and 
commtmication activities. Major manufacturing units in Delhi are concerned with 
food, metal, textile, engineering, paper and paper products and repair services which 
are located within the 16 major industrial areas. It contributes to about 21 per cent of 
the total income of the territory. Before the start of the plaiming era in 1951, there 
were 8,160 industrial units with a capital investment of Rs. 18.13 crore and a turnover 
of Rs.35.35 crore employing 95,137 workers. According to Socio-Economic profile of 
Delhi 2001-2002 brought out by the Delhi Government, at the end of the Eight Five 
Year Plan in 1997, there were 1.26 lakh industrial units employing 11.36 lakh 
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workers. As on 31st March 2002, the number of industrial units is reported to have 
increased to 1.29 lakh with employment of 14.40 lakh workers. The majority of these 
industrial units are located in non-conforming zones. The industrial growth is mainly 
in the small scale sector as there are only a few industries in the medium/large sector. 
The small and medium scale industries are located in several industrial pockets in the 
study area and these are rapidly expanding. There has been 108.33 per cent, 38.09 per 
cent, 50.61 per cent and 34.06 per cent increase in number of registered industrial 
units during 1951-61, 1961-71, 1971-81, 1981-91 and 1991-2001 (Table 2.14 & Fig. 
2.19). 
Presently, there are approximately 1, 50,000 registered industrial units in 
Delhi. Most of them are located in west, south and south-east part of the Delhi. 
Engineering, clothing and chemical industries pre-dominate the industrial area. There 
are twenty-eight well defined industrial estates in various parts of Delhi. In addition, 
there are several other clusters of industrial units being operated in an unorganized 
manner in non-conforming areas. 
2.4.6. Agriculture Development 
Rapid urbanization and the growth of trade and industry have significantly 
reduced the contribution of agriculture sector in Delhi's economy. The share of 
agriculture and allied activities in the gross state domestic product at current prices in 
Delhi has declined sharply fi:om 3.79 per cent in 1993-94 to 1 per cent in 2003-2004. 
2.4.7. Land Holding Pattern 
As per latest agricultural census 2000-01, Delhi had a total 27,594 agricultural 
holdings. This includes 13,981 individual holdings, 12,632 joint holdings and 981 
institutional holdings. The total area operated by all social groups in Delhi declined by 
11.68 per cent fi-om 47,587 hectares during 1995-1996 to 40,027 hectares during 
declined by 7.27 per cent and area operated by semi-medium, medium and large 
holdings declined by 7.71 per cent, 20.81 per cent and 5.14 per cent respectively. The 
number of holdings in all the categories has also indicated a decline. The comparative 
statistics on number and area of holding corroborate the trend of urbanization in Delhi 
and consequent conversion of agricultural land to non-agricultural uses'". 
2.4.8. Transportation and communication 
Transportation and communication is one of the key elements of urban 
44. Economic Survey of Delhi 2005-06, Agriculture & Rural Development, GNCT of Delhi, 
New Delhi, p. 108. 
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Table 2.14. Delhi: Growth of Industries (1951-2001) 
s. 
No. 
1 
2 
3 
4 
5 
6 
Year 
1951 
1961 
1971 
1981 
1991 
2001 
No. of 
Industries 
8,160 
17,000 
26,000 
42,000 
85,050 
1,29,000 
Growth 
rate (%) 
-
108.33 
52.94 
38.09 
50.61 
34.06 
Investment 
(Rs, Crores) 
18.13 
60.00 
190.00 
700.00 
1,659.00 
2,524.00 
Production 
(Rs. Crores) 
35.35 
121.00 
388.00 
1,70.00 
4,462.00 
6,310.00 
Employment 
(No.) 
95,137 
1,87,034 
2,91,585 
5,68,910 
7,30,951 
14,40,000 
Source: Economic Survey of Delhi (2005-2006) 
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infrastracture and plays an important role in the process of urban development. An 
effective urban transport enhances productivity and growth in the economy, helps to 
maximize urban-rural linkage and improve access of the rural/ semi-urban population 
in the periphery to the core areas. Delhi's emergence as an important exchange centre 
for goods and commodities has led to the phenomenal increase in all types of means 
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of transportation. It is served by roadways, railways and airways. But as far as intra 
urban transportation is concerned it has mono-modal public transportation system. 
2.4.8.1. Road Network 
The transport network in Delhi is predominantly road-oriented with railways 
catering to only 1 per cent of the total traffic. This road-based transportation system 
meets a large proportion of the travel demand generated by both inter-urban and intra-
urban traffic. The road network has increased from 8380 km, 14320 km, 22487 km to 
31183 km in 1971-72, 1981-82, 1991-92 and 2005-06 respectively (Table 2.15 and 
Fig. 2.19). The ring roads, outer ring roads and other radical roads constitute a distinct 
feature of the road network in Delhi. Ring road has a length of about 48 km of which 
16 km is common with outer ring road and national highways. In addition, Delhi has 
the distinction of having five national highways i.e. NH-1, NH-2, NH-8, NH-10 and 
NH-24 connecting Delhi to the rest of the country. 
2.4.8.2. Rail Network 
Delhi is a major junction on the rail map of India linked with all major 
metropolitan cities directly. The total rail network in Delhi was 62.20 km in 2003. 
There are four main railway stations i.e. New Delhi, Old Delhi, Hazrat Nizamuddin 
and Sarai Rohila. Besides, there are container depots at Patpargunj and Tuglakabad. A 
new railway station is being developed near Anand Vihar ISBT. There are eight rail 
corridors which bring in more than 350 passenger trains and 40 good trains every day. 
2.4.8.3. Mass Rapid Transit System (MRTS) 
It is an ambitious project that aims at providing a non-polluting and efficient 
rail based transport system, properly integrated with the road transport system. The 
break-up of the network is given below: 
Railway-140 km- 110 km on the surface and 30 km on the elevated structure 
Metro- 27 km- Underground 
Dedicated Bus way-17.5 km- exclusive lanes in the road for buses like a rail system 
and can be upgraded to a rail system when transport demand grows beyond the 
capacity of bus way. 
2.4.8.4. Public Transport System 
The problem of mass transportation is acute in Delhi. High population 
densities due to growing expansion in administrative activities, business and 
commercial establishments and manufacturing industries together with the rapid 
expansion of the urban area along with the periphery have made a substantial 
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Table 2.15. Delhi: Total Number of Vehicles and Road Length (1971-2005) 
S.No. 
1 
2 
3 
4 
5 
Source: Del 
Year 
1971-72 
1981-82 
1991-92 
2001-02 
2004-05 
li Statistical H 
Motor vehicles 
population (Lakh) 
2.14 
6.48 
19.24 
34.56 
48.30 
andbook of 1994 & Ecoi 
Road length 
(Km) 
8,380 
15,487 
22,487 
28,508 
31183 
tiomic Survey (2005 
No. of vehicle/km 
of road 
26 
42 
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1549 
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dependence on mass transit essential. DTC (Delhi Transport Corporation) is 
responsible for providing efficient public transport services to the people of Delhi at 
affordable prices. Till 2003, buses constituted about 1.2 per cent of the total number 
of vehicles catering to 60 per cent of the total traffic load while personalized vehicles 
account for 93.73 per cent of the total vehicles that cater to only 30 per cent of the 
total traffic load. As per December 2001, DTC has a fleet of 3524 buses. It has also 
engaged 2685 buses of private operators under the kilometre scheme. In an effort to 
augment the existing fleet by providing non-polluting buses DTC has purchased 2100 
CNG (Compressed Natural Gas) buses up to February 2002 and proposes to add 1204 
new buses including 500 urban buses during the 10* Five Year Plan besides the 
conversion of existing fleet into CNG mode. As an alternative mode of eco-fiiendly 
comfortable and safe bus transport system efforts are being made to introduce Electric 
Trolley Buses/ High Capacity Bus System in Delhi during 10* five year plan. The 
number of total motor vehicles has increased from 2.14 lakh to 44.67 lakh showing 21 
times increase in the total population during 1971-2005 (Table 2.14 and Fig. 2.19). 
Among personalized vehicles, motor cycles and scooters comprise about 63.74 per 
cent of the number of vehicles in Delhi while cars and jeeps account for 30.47 per 
cent of the total vehicles. It is difficult to obtain complete data about man and animal 
driven vehicles as there is no proper mechanism to register them. It is estimated that 
the number of registered man and animal driven vehicles constitute about 4 per cent 
of the total vehicle population in Delhi; out of which about 60 per cent are cycle 
rickshaws. 
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Air (Pollution: A Spatio-TemporaC 
Anafysis 
Air pollution refers to the presence of undesirable elements such as chemicals, 
particulate matters and biological materials in the atmosphere that adversely affect 
the normal life of the human beings, plants and animals etc'. Air pollution is not a 
new phenomenon. The first incidence of air pollution gets lost in unrecorded history, 
but it certainly dates back to the discovery of fire. One of the first events that attracted 
the attention of people was recorded around 1300 A.D, when King Edward I issued a 
proclamation prohibiting the use of coal as fiiel during sessions of the English 
parliament^ , hi 1866 the first report on the health effects of air pollution was 
presented and in 1875 cattle deaths in London was attributed to an air pollution 
episode. The worst incident of air pollution in the United States of America occurred 
in Donora (Pennsylvania) in late October, 1948, when 20 people died and over 7,000 
were injured. The United Kingdom suffered its worst air pollution event when the 
December 4 Great Smog of 1952 formed over London. In six days more than 4,000 
died, and 8,000 more died within the following months. An accidental leak of anthrax 
spores firom a biological warfare laboratory in the former USSR in 1979 near 
Sverdlovsk is believed to have been the cause of hundreds of civilian deaths. The 
worst short term civilian pollution crisis in India was the 1984 Bhopal disaster. 
Leaked industrial vapors fi-om the Union Carbide factory killed more than 2,000 
people and injured anywhere fi-om 150,000 to 600,000 others, some 6,000 of whom 
later died fi-om their injuries .^ 
In the present world, air pollution in urban areas is growing by leaps and 
bounds and in many cases it already surpasses the WHO's guideline for ambient air 
quality standards. The accelerated air pollution in urban areas is attributed to the rapid 
population growth, unplanned urban development, increasing number of vehicles, 
reliance on outdated industrial processes, lack of industrial zoning and environmental 
regulations etc'*' ^ . 
The interplay of anthropogenic activities with physical determinants is 
creating multi-faceted envirormiental problems in Delhi; air pollution is one of them. 
From the past few decades, Delhi has been confronted with serious degradation of the 
1. Parkins, H. C, Air Pollution, McGraw Hill Book Company, New York, 1974, p. 15. 
2. Agarwal, S. K., Air Pollution, A.P.H. Publ. Company, New Delhi, 2005, p. 12. 
3. Ibid. 
4. Saxena, H. M., Environmental Geography, 2"'' Edition, Rawat Publication., Jaipur, 
2004, p. 96-97. 
5. Molina, M., and Molina, L. "Critical Review: Mega Cities and Atmospheric Pollution", 
Journal of the Air and Waste Management Association, 54: 2004, p. 644-680. 
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air quality. The crisp air that was once the characteristic feature of the study area is no 
more clean. It is estimated that about 3000 metric tones of pollutants are discharged 
every day in its atmosphere .^ Infact, Delhi suffers from extremely high levels of 
particulate air pollution, with level of Total Suspended Particulates (TSP) reaching 
five times the maximum level recommended by World Health Orgamzation . 
Various attempts have been made to analyze the air quality in Delhi in the 
recent past. Gupta (2003)^  studied the changing trend of air quality in Delhi with the 
help of regression and foimd that out of nine monitored sites NO2 and SO2 increased 
at six sites and SPM level increased at four sites. Further, he carried out spatial 
interpolation using inverse distance square technique to plot ambient air quality 
contours for the years 1990 and 1994. Chelani and Devotta (2005/ looked at trends in 
air quality measures before and after 2002, when the conversion of commercial 
vehicles to CNG took place and attributed any observed improvements or 
deteriorations, to the conversion to CNG, without considering other confounding 
factors. Finding no change in PMio levels, he concluded that CNG has not helped in 
the improvement air quality in Delhi. Similarly, Ravindra et al (2005)'° attributed 
decline in CO and SO2 concentrations and an increase in NO2 levels to the 
implementation of the CNG order. Kathuria (2005)'' attempted to control the impact 
of subset of confounding factors and regressed daily measures of air quality on its 
lagged values, on weather and climate variables, and on a shift parameter that takes 
the value one from the date when the CNG order was ftiUy implemented (December 
1, 2002). Author found no statistical link between the shift parameter and SPM, PMio 
and NO2 levels and a negative and significant link between the shift parameter and 
level of CO and concluded that the CNG program has helped in the reduction of CO 
concenfration and did not influence the levels of other pollutants. 
6. Air Quality in Delhi (1989-2000) NAAQMS Series, NAAQMS/17/2000-01, CPCB, MoEF, 
March 2001, p. 1. 
7. Kumar, N., Foster, A. D., "Have CNG Regulations in Delhi done their Job", Economic & 
Political Weekly, Dec 22,2007, p. 52. 
8. Gupta, I., "Trends in Air Quality of National Capital Territory of Delhi", Indian Journal 
Environment and.Health, Vol. 45, No. 3, 2003, p. 169-182. 
9. Chelani, A. B. and Devotta, S. Impact of Change in Fuel Quality on PMIO in Delhi. Bulletin 
of Environmental Contamination and Toxicology 75(3): 2005, p. 600-607. 
10. Ravmdra, K. et al, "Assessment of Air Quality after the Implementation of CNG as Fuel in Public 
Transport in Delhi, India" Environmental Monitoring and Assessment, 115,2005 p. 405-417. 
11. Kathuria, V. "Vehicular Pollution Control in Delhi", Economic and Political Weekly, 40: 2005 p 
1907-1915. 
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Goyal et al (2006)'^  looked at changes in average air-quality measures between the 
pre-implementation period (1989-1996), the implementation period (1997-2000) and 
the post-implementation period (2001-2003). He observed that decline in SO2 and CO 
concentrations are due to all policies implemented between 1997 and 2000 and not 
due to any specific policy. Similarly, using spatially distributed primary data on PM2.5 
from 113 sites across Delhi and its neighboring states collected between July and 
December of 2003, Kumar and Foster (2007)'^  analyzed the impact of two major 
policies: the conversion of vehicles to CNG and the industrial relocation policy of 
early 2000. Like Kathuria, Kumar and Foster control for a subset of covariates, 
namely proximity to major roads and industrial clusters and the frequency of buses 
and trucks on roads closest to the air-quality data collection sites. A negative and 
significant coefficient between bus frequency and PM2.5 levels led the authors to 
conclude that the CNG conversion policy has improved Delhi's air quality. 
The present chapter dwells upon the various dimensions of air pollution 
including sources, past and present status of conventional pollutants i.e. Sulphur 
dioxide (SO2), Nitrogen Dioxide (NO2), Carbon Monoxide (CO), Suspended 
Particulate Matter (SPM) and Respirable Suspended Particulate Matter (RSPM or 
PMio) and seasonal variation in their concentration. For the analysis, data were 
collected from secondary sources (i.e. CPCB). The collected data have been 
organized, moderated, tabulated, analyzed with suitable statistical techniques and 
portrayed in graphs and diagrams. 
3.1. Sources of Pollutioii 
As far as the sources of air pollution are concerned, it may not be out of place 
to mention that the core of Delhi's air problem lies in its cumulative effects of high 
density of vehicles, high levels of energy consumption, development of industries, 
household combustion of fuel, construction of buildings, roads, bridges and natural 
contaminants etc''*''^ . Besides, other potential sources rapid population 
12. Goyal, S.K. et al "Understanding Urban Vehicular Pollution Problem Vis-a-Vis Ambient Air 
Quality Case Study of a Megacity (Delhi, India)", Environmental Monitoring and Assessment 
119(1): 2006, p. 557-569. 
13. Kumar, N. and Foster, A., "Air Quality Interventions and Spatial Dynamics of Air Pollution in 
Delhi and its Neighboring Areas", Manuscript, Iowa City, lA: Department of Geography, 
University of Iowa, 2007. 
14. White Paper on Pollution in Delhi with an Action Plan, Govt, of India, MoEF, Paryavaran 
Bhavan, New Delhi, 2006, p. 2-3. 
15. Vehicular Pollution Control in Delhi, Initiative & impacts, NAAQM Series, 
NAAQMS/18/2001-02, CPCB, MoEF, 2001, p. 1. 
91 
growth and consumerism has put tremendous pressure on economic growth and has 
led to an increase in the consumption of energy for domestic, industrial and 
transportation which is only partially met by the total power supply to Delhi; the rest 
of the demand largely being met through the use of small diesel power generators 
which is likely to lead to an increase in the emission of pollutants. Table 3.1 & Fig. 
3.1 show the contribution of different pollution generating sources. It has been 
observed that the emission from vehicular sector has been rapidly increasing from the 
last foiir decades. It has increased from 23 per cent, 42 per cent, 68 per cent to 72 per 
cent during 1971-72, 1980-81, 1990-1991 and 2000-01 respectively. Emission from 
industrial sector has decreased from 56 per cent, 42 per cent, 29 per cent to 20 per 
cent (2000-01) during the same periods. Similarly the emission from domestic sector 
also declined from 23 per cent (1970-71), 18 per cent (1980-81), 8 per cent (1990-91) 
Table 3.1. Delhi: Contribution (%) of PoUution Generating Sources (1970-2001) 
S.No. 
1 
2 
3 
Categories 
Industries 
Vehicles 
Domestic 
1970-71 
56 
23 
21 
1980-81 
40 
42 
18 
1990-91 
29 
68 
8 
2000-01 
20 
72 
8 
Source: Economic Survey of Delhi-2007-08 
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to 8 per cent (2000-01). 
3.1.1. Vehicles 
The single most important source of air pollution in Delhi is the outgrowth of 
road transport as it has more number of automobiles than all other metros put 
together'^ . Vehicles, being the prime source of mobility are also the major source of 
obnoxious and toxic pollutants. Table 3.2 & Fig. 3.2. show that the emission of 
pollutants from this sector has been rapidly increasing from the past few decades. It 
has been observed that the total emission of major air pollutants including SO2, SPM, 
CO, NOx has increased from 43.25 (lOVyear), 54.31(10^/year), 290.30 (lOVyear), 
489.60 (lO /^year) to 770 (loVyear) in the years 1970, 1980, 1990, 2000 and 2005 
respectively. It is attributed to the exponential growth in the number of vehicles over 
the last few decades. It is estimated that as many as 500 vehicles exist for every 
kilometre of road sfretch'^ . It has been fovmd that the total number of registered motor 
vehicles has increased more than twenty times i.e. 2.35 lakh to 44.19 lakh during the 
period of thirty years (1975-2005)'^ 
Table 3.2. Delhi: Estimated Vehicular PoUution Load (1970-2005) in the Ambient 
Air (10 /^year) 
Pollutants 
SO2 
SPM 
CO 
NOx 
Total 
Source: NEERI & ' 
1970 
0.84 
0.73 
33.34 
8.34 
43.25 
Tansport Dept. 0I 
1980 
2.09 
1.39 
25.83 
25.00 
54.31 
FGNCTofD( 
1990 
2.79 
4.17 
225.00 
58.34 
290.30 
slhi 2006 
2000 
8.33 
8.33 
383.35 
97.92 
489.60 
2005 
18 
41 
441 
279 
770 
Table 3.3 & Fig. 3.3 indicate that the per cent of private car to the total vehicles 
has also been rapidly increasing since 1991. This may be due to the general economic 
liberalization in the early 1990s that led to the direct entry of more multinational 
automobile manufacturers and intemational brand of vehicles. Besides, rising per 
capita income combined with an increasing propensity for personal mobility, 
16. The Capital Story, Hindustan Times, March 10, 2002, p. 2. 
17. Towards Cleaner Air - A Case Study of Delhi, Dept. of Environment, Govt, of NCT of 
Delhi & Delhi Pollution Control Committee, 2005, p. 6. 
18. White Paper on PoUution in Delhi with an Action Plan, 2006, op. cit., p. 4. 
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Table 3.3. Delhi: Growth of Vehicles (1991-2025) 
Year 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2005 
2010 
2015 
2020 
2025 
Total Vehicles 
(lakh) 
19.24 
20.65 
21.99 
23.73 
25.76 
27.94 
30.33 
31.67 
33.02 
35.10 
44.19 
53.28 
62.37 
71.46 
80.55 
Growth rate 
(%) 
10.71 
8.28 
6.83 
6.76 
8.36 
8.11 
8.29 
6.51 
5.85 
6.30 
5.18 
4.12 
3.41 
2.91 
2.55 
Private Car 
(laldi) 
4.28 
4.69 
5.10 
5.58 
6.18 
6.86 
7.65 
8.05 
8.44 
9.10 
11.86 
14.62 
17.38 
20.13 
22.89 
Growth rate 
(%) 
15.45 
10.46 
8.55 
9.30 
10.24 
10.08 
11.38 
8.44 
6.98 
7.82 
6.06 
4.65 
3.78 
3.16 
2.74 
% of Private 
Car to total 
Vehicle 
22.25 
22.71 
23.19 
23.51 
23.99 
24.55 
25.22 
25.42 
25.56 
25.93 
26.84 
27.44 
27.86 
28.16 
28.14 
Source: Transportation Dept. Govt, of NCT. Delhi, 2005. 
inadequate mass transportation facility, increasing purchasing power of the middle 
class and decreasing interest rates has resulted in a pronounced increase in automobile 
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ownership and its utilization'^. The growth of vehicles automatically has been 
increasing energy consumption which is subsequently adding the pollutants in the 
ambient air of the study area. It is also found that not only the large numbers of 
vehicles play an important role in pollution generation but the types of vehicles are 
also decisive. Out of the total vehicular population in the study area, two and three 
wheeler accoxmt for nearly two-third of the total population. Table 3.4 reveals that 
their numbers has increased from 6.09 lakh to 20.71 lakh during the period of sixteen 
years (1985-01). Because of the inherent drawbacks in the design of two stroke 
engine, it emits about 20 to 40 per cent of the fuel unbumt or partially burnt. Besides, 
the use of petrol mixed with lubricant oil emits large quantities of unbumt oil or petrol 
which immensely contributes to pollution load. There are large numbers of four 
wheelers, buses and goods vehicles that are consistently increasing day by day (Table 
3.4). Such types of vehicles contribute heavily towards air pollution load. It has been 
found that despite the phasing out the old commercial vehicles there are large number 
of buses which are eight to ten years old and poorly maintained. Also, the buses 
particularly during peak hours carry more than the recommended load of passengers 
19. Kokaz, K., Rogers, P., "Urban Transportation Planning for Air Quality Management: 
Case Study in Delhi, India, of Role of Social and Economic Costs in Welfare Maximization 
of Mobility Choice", Transportation Research Record No. 1817, Transportation Planning 
and Analysis, New York, 2002, p. 42-49. 
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Table 3.4. Delhi: Growth (in lakh) of Different Types of Vehicles (1985-2001) 
Categories 
Car/JeepAVagon 
Scotter/Motorcycle 
Three Wheelers 
Taxis 
Buses 
Good Vehicles 
Total 
1985 
1.57 
5.79 
0.30 
0.008 
0.14 
0.52 
8.40 
1990 
3.45 
4.13 
0.59 
0.09 
0.18 
0.92 
16.36 
1996 
6.33 
17.43 
0.79 
0.13 
0.28 
1.33 
26.29 
2001 
7.65 
19.91 
0.80 
0.16 
0.32 
1.46 
30.33 
Source: Delhi Environmental Report, 2001. 
resulting in higher smoke emissions. More importantly, these vehicles are primarily 
based on diesel or petrol which emit enough quantity of pollutants. As a consequence, 
the emission of various types of pollutants from the vehicular sector has been rapidly 
increasing. 
Table 3.5 indicates emission from different types of vehicles. It has been 
found that the two wheelers were responsible for 29.5 per cent of CO, 47.5 per cent of 
Hydro Carbon (HC) in the year 1981-82 that increased to 57.5 per cent (CO) and 69.8 
per cent (HC) in the year 2000-01. The contribution of three wheelers was recorded at 
7.5 per cent (CO) and 2.2 per cent (HC) for the year 1980-81 that reached to 10.3 per 
cent (CO) and 12.9 per cent (HC) in the year 2000-01. Similarly, the emissions from 
diesel vehicles were recorded at 14.6 per cent (CO), 14.69 (HC) and 89.8 per cent 
(Nox) in the year 1981-82 which enhanced to 17.3 per cent (CO) and 96.0 per cent 
(Nox) in the year 2000-01. Only the percentage of the HC was found to decrease to 
13.69 per cent for 2000-01. The decreasing contribution observed in the case of four 
wheelers i.e. cars, jeeps and taxies are associated with the implementation of wide 
array of policies. 
3.1.2. Thermal Power Plants 
Next to vehicles, power plants are the most potential sources of air pollution. 
Delhi has three major power plants namely Badarpur thermal power plant (705 MW), 
Indraprastha thermal power station (247 MW) and Rajghat thermal power station (135 
MW) with the total generation capacity of 1087 MW (Mega Watts). They are 
responsible for as much as 10 per cent of the total air pollution load^°. These power 
20. Towards Cleaner Air - A Case Study of Delhi, 2005, op. cit., p.9. 
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Table 3.5. Delhi: Vehicle Emission (TonesA'ear) Inventory for Pollutants 
(1981-2001) 
Year 
1981-82 
1991-92 
2000-01 
Vehicle Type 
2 wheelers 
3 wheelers 
Cars/Jeeps 
Taxis 
Diesel vehicles 
Total 
2 wheelers 
3 wheelers 
Cars/Jeeps 
Taxis 
Diesel vehicles 
Total 
2 wheelers 
3 wheelers 
Cars/Jeeps 
Taxis 
Diesel vehicles 
Total 
CO 
17,067(29.5) 
4,371 (7.5) 
25,224 (43.6) 
2,756 (4.8) 
8,482 (14.6) 
57,900 100% 
57,025 (47.4) 
13,464(11.2) 
29,937 (24.9) 
3,485 (2.9) 
16,438(13.6) 
120,349100% 
118,520(57.5) 
23,669 (10.3) 
43,008 (10.7) 
5,100(2.2) 
40,012(17.3) 
230,249 100% 
HC 
10,651 (47.5) 
2,730 (12.2) 
25,282 (23.5) 
491 (2.2) 
3,285 (14.6) 
22,439 100% 
35, 588 (62.2) 
8,409 (14.7) 
6,269(11.0 
615(1.1) 
6.351(11.0) 
57,232 100% 
73,965 (69.8) 
14,745 (12.9) 
9,006 (7.9) 
898 (0.8) 
15,496(13.6) 
114,110 100% 
Nox 
-
-
1,648(9.2) 
180(1.0) 
16,035 (89.8) 
17,863 100% 
~ 
-
1,956(5.9) 
228 (0.9) 
31,019(19.3) 
33,203 100% 
-
-
2,810(3.6) 
333 (4.0) 
75,642 (96.0) 
78,785 100% 
Source: CRRI2001 
Figure in brackets represent per cent 
plants are coal based and subsequently made contribute in the emission of particulate 
matter as evident from the Table 3.6. Although the emission from this sector has been 
decreasing from the last one decade but it still contributes immensely to the pollution 
load. During 1993-2003 (Table 3.6 & Fig. 3.4), emission of particulates has been 
reduced from 144 mg/Nm^ to 124 mg/Nm^ and 145 mg/Nm^ to 125 mg/Nm^ from 
Rajghat thermal power station and Badarpur thermal power station respectively. Also 
in the last five years, the particulate matter emissions have decreased by about 20 per 
97 
cent and 10 per cent at Indraprastha power station and Badarpur thermal power plants 
respectively. Two gas based power plants namely Indraprastha gas turbine power 
plant and Pragati power station have been commissioned to augment the power 
generation capacity from 1087 MW to 1700 MW. Since, these plants are based on 
natural gas, there is no significant addition to the existing air pollution levels as 
particulate emissions are virtually absent in gas based plants. The Indraprastha gas 
turbine has recorded at 1.68 mg/Nm^ emission of NOx in the year 2001-02 whereas 
Pargati power station recorded emission of 13 mg/Nm^ in the period of 2002-03. The 
declining trend is observed in emission of particulate matter from tiiree thermal power 
plants is mainly due to installation of electrostatic precipitators in all power plant 
units to control particulate matter emissions. Besides this, the power plants are using 
beneficiated coal (ash content less than 34 percent) since 1999 as against the coal used 
earlier (ash content above 40 per cent) to reduce pollution. 
Table 3.6. Delhi: Average Annual Emission from Thermal Power Plants 
(1993-2003) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Year 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-00 
2001-01 
2001-02 
2002-03 
PM emission in coal based 
thermal power plants 
(mg/Nm') 
Rajghat 
144 
139 
142 
144 
145 
149 
127 
125 
127 
124 
LP. 
N.R. 
N.R. 
210 
275 
166 
210 
190 
180 
135 
125 
Badarpur 
145 
140 
137 
135 
132 
130 
127 
125 
120 
125 
NOi emission in gas 
based thermal power 
plants (mg/Nm^) 
LP. Turbine 
N.R. 
u 
ii 
a 
a 
a 
u 
(« 
1.68 
N.R. 
Pragati 
13 
Source: Dept. of Environment, Govt, of NCT. Delhi, 2005 
N.R.: Not Recorded. 
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3.1.3. Industries 
A sizeable portion of the pollution load in Delhi is contributed by small-scale 
industries. Even after the major shifting of environmentally hazardous 
production activities and polluting units from non-conforming zones between 1996-
2000, more than 71,000 units were still in the non-conforming areas as per MCD 
survey of Delhi^'. It has been estimated that there are 30,000 small and medium 
industrial vmits that emit toxic chemicals in the ambient air of Delhi. In addition, there 
are dangerously high pollution causing industries like 100 units of lead smelters and 
27 fijrnaces located within the populated areas that have been spreading out 
continuously harmfiil pollutants in the ambient air of Delhi^ .^ 
3.1.4. Domestic Sector 
Apart from the above major sources, fiiel consumption by domestic sector 
also contributes to the pollution load. The poor citizen of Delhi remain dependent on 
the (traditional) conventional fiiels for cooking which significantly contributes 
towards ambient air pollution level. The contribution of this sector has been reducing 
over the few decades but is still threatening. 
21. State of Environment Report for Delhi 2001, Dept. of Environment, Govt, of NCT of Delhi, 
2001, p. 26. 
22. Delhi Environmental Status Report, Dept. of Environment, Govt, of Delhi, 2000, p. 236. 
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3.1.5. Meteorological Condition 
Besides anthropogenic sources, meteorological conditions have a significant 
effect on Delhi's ambient air quality. The specific variables included are monthly 
average of the daily maximum and minimum temperature, average monthly rainfall 
and average monthly wind speed. Delhi has a tropical semi-arid climate with hot 
summer, cold winter and monsoon rainfall. Natural dust frequently blowing in from 
the surrounding arid areas during the months of May and June lead to deposition of 
large amount of dust in the ambient air. Whereas rain washes away pollutants; high 
wind speeds disperse them lowering the concentration. Further, lower wind speeds, 
along with winter thermal inversions tend to deteriorate the air quality in the winter 
months . 
3.2. Annual Status and Trend of Pollutants 
Dense human settlement accompanied with intense anthropogenic activities 
has resulted in an increase in the level of various air pollutants namely SO2, NO2, 
SPM and RSPM or PMio in the ambient air of Delhi^ '*. These pollutants are monitored 
by CPCB at seven locations across the Delhi under the National Ambient Air Quality 
Monitoring Network (Fig.3.5). Six, other than the monitoring stations at I.T.O. were 
established in the late 1980s to monitor levels of three pollutants- SO2, NO2 and SPM. 
The monitoring station at I.T.O. was established in the late 1990s at a heavy traffic 
intersection to monitor not only the three pollutants being monitored at the other six 
stations but also levels of RSPM or PMio, CO and O3. The other six stations also 
began monitoring PMio from mid-2000. The analysis of air quality time series data for 
the period of 20 years from 1987-2006 to establish long term spatio-temporal 
variation in the concenfration of pollutants in residential areas (average of four sites) 
industrial areas (average of two sites) and fraffic intersection (I.T.O.) has been 
undertaken. Two methods are used to examine the air quality. To analyze long term 
temporal variation trend line and growth rate is calculated. To establish spatial 
variation exceedence factor has been calculated. Moreover, the pollutants appear to be 
affected by the meteorological variables therefore monthly data for the period of 16 
years (1991-2006) have been examined to analyze the seasonal variation in pollutants 
23. Goyal, S.P., "Effect of Winds on SO2 and SPM Concentrations in Delhi", Atmospheric 
Environment, 36 (17), 2002, p. 2925-2930. 
24. Singh, R.B., Kumar, B. and Singh, A., "Mapping Environmental Stress in the Context of 
Land Use Changes and Urban Sprawl in Delhi Metropolitan Region", ITie Geographer, 
Vol. 49, No. 2, 2002, p. 44-60. 
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concentration. 
3.2.1. Sulphur Dioxide (SO2) 
The status of the annual mean concentration of sulphur dioxide has been given 
in Table 3.7 and Fig. 3.6. It may be deduced from the table that on an average the 
concentration has been decreasing for the past several years. It has been observed that 
the concentration has increased in most of the years up to 1995 remaining either stable 
or decreasing afterwards. 
The annual mean concentration of SO2 in residential areas increased from 8.7 
Hg/m^ in 1987 to 16.2 M,g/m^  in 1999, declined continuously afterwards and reached 
8.59 p.g/m^ in 2006. In industrial areas, the annual mean concentration recorded at 
32.3 |ag/m^ in 1987 showed fluctuating movement afterwards. In the year 2006, 14.05 
per cent growth rate has been observed after a negative growth rate for many years. 
Similarly, the SO2 concentration at the traffic intersection is found to decline to 11.25 
|jg/m^ in 2006 from that of 28 |ig/m^ in 1997. The pollutant concenfration shows a 
negative growth from 1997 to 2005 with the rise of 33.13 per cent observed during 
2005-2006. The annual mean concentration of the pollutant has been found to show 
high fluctuations in all the three areas i.e. residential areas, industrial areas and traffic 
intersection and the concenfration remains well below the annual NAAQS limit of 
60ng/m ,^ 80|ig/m ,^ and 60ng/m^ respectively (Table 3.8). 
Table 3.9 exhibits that on the basis of Exceedence Factor (EF) these three 
areas come under the category of low pollution as their EF is recorded at 0.14, 0.12, 
and 0.18 in residential areas, industrial areas, and at traffic intersection respectively. 
Fig. 3.7 depicts the annual mean frend of the SO2 in the ambient air of Delhi. 
It shows an upward trend in most of the years up to 1999; thereafter a consistent 
downward movement is observed. The mean concentration over the period of 20 
years was recorded at 40.125 |iig/m^ with the average annual growth rate of 0.1142 
|ig/m . The trend as established by the Figure 3.8 indicates an overall downward 
movement in the concentration of the pollutant. 
The present trend of pollution concentration is attributed to short lived 
characteristics of the pollutants itself, infroduction of low sulphur content of diesel 
and petrol, conversion of all commercial to CNG and enhanced use of clean fuels viz. 
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Table 3.7. Delhi: Annual Mean Concentration (ng/m^) and Growth Rate of SO2 
in the Ambient Air (1987-2006) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Year 
1987 
1989 
1991 
1993 
1995 
1997 
1999 
2001 
2003 
2005 
2006 
Residential 
Area 
8.7 
(-) 
7.3 
(-16.09) 
12.4 
(69.86) 
15.8 
(27.41) 
16.5 
(4.43) 
15.0 
(-9.09) 
16.2 
(8.00) 
13.8 
(14.81) 
9.8 
(-28.98) 
9.03 
(-7.85) 
8.59 
(-4.87) 
Industrial Area 
32.3 
(-) 
11.7 
(-63.7) 
15.1 
(29.0) 
23.9 
(58.29) 
24.1 
(0.83) 
20.0 
(-17.01) 
19.5 
(-2.5) 
13.3 
(-31.7) 
9.15 
(-31.2) 
8.54 
(-6.7) 
9.74 
(14.05) 
Traffic 
Intersection 
N.R. 
N.R. 
N.R. 
N.R. 
N.R. 
28 
(-) 
22.5 
(-19.64) 
16.5 
(-26.66) 
9.15 
(-44.54) 
8.45 
(-7.65) 
11.25 
(33.13) 
Source: Calculated from data collected from CPCB 
Figure in brackets represent per cent. 
N.R.: Not Recorded 
2007 
LPG in domestic sector etc^ '^ ^ .^ It has been found that between 1996-2001 the SO2 
content of diesel and petrol was progressively reduced from 1 per cent for diesel and 
0.2 percent for petrol to 0.05 percent for both fuels (Table 3.10). Switching away from 
pefrol in the case of three- wheelers and from diesel in the case of buses also appears 
to have helped to reduce SO2 concentration in the ambient air. Finally, one pollution 
source that appears to be responsible for SO2 concenfration in the ambient air of Delhi 
is the use of coal by thermal power plants. 
25. Kumar, B. and Singh, R.B., Urban Development and Climate Change, Manak Publ, 
New Delhi, 2003, p. 102-103. 
26. Towards Cleaner Air - A Case Study of Delhi, op. cit., 2005, p. 8. 
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Table 3.8: National Ambient Air Quality Standard Limits 
Air Pollutants 
Sulphur Dioxide 
(SO2) 
Nitrogen Dioxide 
(NO2) 
Suspended 
Particulate Matter 
(SPM) 
Respirable 
Suspended 
Particulate Matter 
(RSPMorPMio) 
Carbon Monoxide 
(CO) 
Time Weighted 
Average 
Annual 
Average** 
24 hours*** 
Annual 
Average** 
24 hours*** 
Annual 
Average** 
24 hours*** 
Annual 
Average** 
24 hours*** 
8 hours*** 
Industrial 
Area 
80ng/m^ 
120^g/m^ 
80ng/m' 
120^g/nl' 
360ng/m^ 
500^g/m' 
120ng/m' 
150ng/m' 
5000ng/m' 
Residential, Rural 
and Other Areas* 
60|ig/m^ 
80[ig/m^ 
60ng/m' 
80ng/m^ 
140ng/m^ 
200ng/m^ 
60ng/m' 
100^g/m^ 
2000ng/m^ 
Sensitive Area 
15ng/m^ 
30ng/m^ 
15ng/m' 
30ng/m^ 
70^g/m^ 
lOOng/m' 
50ng/m' 
75ng/m^ 
lOOOng/m^  
Source: CPCB 2007 
*: Traffic Intersection has been characterized by CPCB in Other Areas (Economic Survey of Delhi 
1999-2000, p. 6, Dept. of Environment, Govt, of NCT of Delhi and CPCB). 
**: Annual Arithmetic mean of minimum 104 measurements in a year taken twice a week 24 hourly at 
uniform interval. 
***: 24/8-hourly values should be met 98 per cent of the time in a year. However, 2 per cent of the 
time, it may exceed but not on two consecutive days. 
Table 3.9. Delhi: Exceedence Factor of Different Pollutants 
Categories 
Critical Pollution 
High Pollution 
Moderate Pollution 
Low Pollution 
Source: Calculated fro 
Standard 
limits 
EF>1.5 
EF 1.0-1.5 
EF 0.5-1.0 
EF< 0.5 
m the data col 
SO2 
0.14* 
0.12** 
0.18*** 
ected fron 
NO2 
1.29*** 
0.74* 
0.56** 
1 CPCB. 
CO 
1.2*** 
SPM 
2.66* 
3.69*** 
RSPM 
2.35* 
3.65*** 
1.34** 
*: Residential Areas 
**: Industrial Areas 
***: Traffic Intersection 
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Table 3.10. Delhi: Sulfur Content Recommended for Vehicles 
S.No. 
1 
2 
3 
4 
5 
Source: O 
Year 
April 1996 
March 1997 
August 1997 
April 2000 
June 2001 
PCB 2001 
Diesel 
Lowered from 1% to .5% 
-
Lowered from .5% to .25% 
.05% diesel introduces 
.05% diesel available only 
Petrol 
-
Lowered from .2% to .15% 
-
Lowered to .\% and .05% 
introduced 
.05% petrol available only 
3.2.2. Nitrogen Dioxide (NO2) 
The status of annual mean concentration of NO2 is presented in Table 3.11 & 
Fig. 3.8. The monitoring data shows that the concentration has been increasing baring 
a decline for few years. The annual mean concentration during the observational 
period (1987-2006) has increased from 19.3 ng/m to 44.43 ng/m in residential areas, 
from 22.7 ^g/m^ to 45.12 \ig/m^ in industrial areas and from 66 \ig/m^ to 77.58 ^g/m^ 
at fraffic intersection against the annual NAAQS limit of 60 ^g/m^, 80 jig/m^ and 60 
^g/m^ respectively (Table 3.8). It has been observed that except the traffic 
intersection, both the areas meet the standard limit. Table 3.11 depicts that in 
residential areas, the concentration has been increasing except for the years 1989 (-3.6 
per cent), 1997 (-4.89 per cent) and 1999 (-1.73 per cent) when it recorded negative 
growth rate. Similarly, in industrial areas except the years 1989 (-18.9 per cent), 1999 
(-3.53 per cent) and 2001 (-18.45 per cent), the concentration has been showing an 
upward movement. At traffic intersection it recorded a negative growth rate in the 
years 2005 (-16.13 per cent) and 2006 (-1.58 per cent) after showing positive growth 
rate for many years. 
Table 3.9 shows that on the basis of EF the residential areas and industrial 
areas come under the category of moderate pollution whereas the fraffic intersection 
are categorized in high pollution as their EF calculated are 0.74, 0.56 and 1.29 
respectively. 
The annual mean trend of NO2 is shown by Fig. 3.9. It shows an upward trend 
in most of the years upto 1995, afterwards a downward trend has been observed upto 
2001 and again an increasing trend follows thereafter. The mean concentration over 
the observational period has been found to be 26.063 |j.g/m^ and the average annual 
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Table 3.11. Delhi: Annual Mean Concentration (ng/m ) and Growth Rate of NO2 
in the Ambient Air (1987-2006) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Year 
1987 
1989 
1991 
1993 
1995 
1997 
1999 
2001 
2003 
2005 
2006 
Residential 
Area 
19.3 
(-) 
18.6 
(-3.6) 
28.4 
(52.68) 
32.7 
(15.14) 
32.9 
(0.6) 
31.1 
(-5.47) 
26.5 
(-14.79) 
28.8 
(7.98) 
37.9 
(31.59) 
44.08 
(16.3) 
44.43 
(0.79) 
Industrial 
Area 
22.7 
(-) 
18.4 
(-18.9) 
24.9 
(35.3) 
34.3 
(37.75) 
36.5 
(6.4) 
36.8 
(0.82) 
35.5 
(-3.53) 
28.95 
(-18.45) 
35.95 
(24.17) 
40.83 
(13.57) 
45.12 
(10.05) 
Traffic 
Intersection 
N.R. 
N.R. 
N.R. 
N.R. 
66 
(-) 
67 
(1.5) 
60 
(-10.44) 
67 
(10.44) 
94 
(40.29) 
78.83 
(-16.13) 
77.58 
(-1.58) 
Source: Calculated from data collected from CPCB 
Figure in brackets represent per cent. N.R.: Not Recorded 
growth rate recorded is 7.69 jig/m .^ An overall upward movement has been observed 
in the concentration of the pollutants. 
The upward movement of pollution concentration is due to increasing 
proportion of diesel fueled cars and four stroke two wheelers. Power plants are also 
found to be responsible for increase in NO2 concentration in the ambient air of 
Delhi^ .^ The sheer increase in the number of Icilometers traveled by vehicles of all 
types also is one of the causes of the recent increase in NO2 concentration^ .^ It can be 
deduced from Table 3.12 that the average kilomefre per day (km/day) traveled by bus 
is 157.2, followed by three-wheelers (66.5 km/day), taxis (45.1 km/day), cars (36.6 
km/day), trucks (39.7 km/day) and two wheelers (36.4 km/day). It has been observed 
that in the case of NO2 some of the gain made from fiiel switching and fuel quality 
improvements, however, are being outweighed by the rapid increase in the number of 
27. Narain, U. and Krupnick, A., "The Impact of Delhi's CNG Program on Air Quality" 
(Discussion paper), RFF DP 07-06, Washington, DC 20036, Feb.2007, p. 20.16. Ibid. 
28. Ibid. 
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Table 3.12. Delhi: Average Kilometers per day Traveled by Vehicles (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
Types of vehicles 
Bus 
Three-Wheelers 
Taxis 
Cars 
Trucks 
Two-Wheelers 
Average Km/day 
157.2 
66.5 
45.1 
36.6 
39.7 
36.4 
5'oMrce:CRRI2001 
vehicles. 
2.3. Carbon Monoxide (CO) 
The annual mean concentration of carbon monoxide has been monitored only 
at traffic intersection (I.T.O.). The annual average concentration of CO level as shown 
in Table 3.13 & Figures 3.10 indicate a sharp reduction in the ambient air of Delhi. 
An increase in the pollutant concentration has been observed up to 1996 while a 
negative growth rate follows afterwards. Despite the negative growth rate, the 
concentration has been found to be well above the 8 hour NAAQS standard limit of 
2000 jig/m^ (Table 3.8). The observed concentration of CO came down from 5580 
^g/m^ (1996) to 2541 ^g/m^ in the year 2005. 
Table 3.9 shows that on the basis of exceedence factor, it comes under the 
category of high pollution as EF recorded at 1.2. The average concentration over the 
period of 14 years has been recorded at 4136.4 )xg/m^ and the annual growth has been 
found negative i.e.-34.14 |xg/m^ (Fig. 3.11). This could be attiibuted to the stiingent 
vehicular emission norms i.e. introduction of Euro-II equivalent emission norms for 
passenger cars and Euro-I norms for all other types of vehicles (Table 3.14), phasing 
out of 8-year old or more commercial vehicles, replacement of pre-1990 auto/taxis 
with vehicles on clean fuels, conversion of post 1990 autos to CNG mode, increasing 
proportion CNG buses and diesel cars and an increase in the proportion of four stroke 
two wheelers etc^ .^ 
29. Vehicular Pollution Control in Delhi, initiative & impacts, NAAQMS/18/2001-2002, 
October 2001, CPCB, MoEF, p. 1-3. 
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Table 3.13. Delhi: Annual Mean Concentration (ng/nr) and Growth Rate of CO 
in the Ambient Air (1990-2005) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Years 
1990 
1992 
1994 
1996 
1998 
2000 
2002 
2004 
2005 
Traffic Intersection 
2688 
(-) 
3250 
(20.9) 
3340 
(2.76) 
5580 
(67.06) 
5450 
(-2.38) 
4680 
(-14.12) 
3350 
(-28.41) 
2580 
(-22.98) 
2541 
(-1.51) 
Source: Calculated from data collected from CPCB 2007 
Figure in brackets represent percentage. 
3.2.4. Suspended Particulate Matter (SPM) 
The annual mean concentration of SPM is summarized in Table 3.15 and 
Fig.3.12. It indicates that the concentration has been fluctuating in residential areas; 
recording sometimes positive and sometimes negative growth rate. On the contrary, in 
the industrial areas and at the traffic intersection the concentration has been increasing 
after showing negative growth rate for the past few years. The annual mean 
concentration of SPM in residential areas has decreased from 500.8 i^g/m^ in 1987 to 
373.2 iig/m in 2006 whereas in industrial areas it shows downward movement from 
616.5 i^g/m^ to 362.97 ^g/m^ in the same period against the annual NAAQS limit of 
140 iig/m^ and 360 ^g/m^ respectively (Table 3.8). Only at fraffic intersection it has 
increased from 452 |xg/m^ to 517 (jg/m^ against the standard limit of 140 ^g/m^ 
Despite the negative growth rate in most of the years the residential areas are 
categorized under critical pollution as its EF is recorded at 2.66; the traffic 
intersection also fall in the same category with positive growth rate and EF recorded 
at 3.69 whereas the industrial areas came under the category of high pollution and its 
exceedence factor is found to be 1.0. (Table 3.9). 
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Table 3.14. Delhi: Emissions Standards for Vehicles 
S.No. 
Petrol Vehicles: 
Passenger cars 
CO(g/km) 
HC (g/km) 
HC+ NOx (&aan) 
NOx (gtoi) 
Diesel truck and 
Bus engine 
CO (g/km) 
HC (g/km) 
NOx (g/km) 
PM(g/km) 
2-wheelers 
CO (g/km) 
HC (g/km) 
HC+NOx (g/km) 
3-wheelers: Petrol 
CO (g/km) 
HC (g/km) 
HC+ NOx (g/km) 
3-wheelers: Diesel 
CO (g/km) 
HC (g/km) 
HC+ NOx (g/km) 
PM(g/km) 
1991 
14.3-27.1 
2.0-2.9 
-
17.3-32.6 
2.7-3.7 
-
-
12-30 
8-12 
-
12-30 
8-12 
-
12-30 
8-12 
-
1996 
4.5 
-
3.00-
4.36 
-
11.2 
2.4 
14.4 
-
4.5 
-
3.6 
6.75 
-
3.6 
5.0 
-
2.6 
2000 
India 2000 
(Euro I) 
2.72 
-
0.97 
-
4.5 
1.1 
8.0 
0.36 
2.0* 2.4" 
-
2.0* 2.4" 
4.0' 4.8" 
-
2.0 2.4 
2.72' 
3.16" 
-
0.97 1.13 
0.14' 
0.18" 
2001 
Bharat II 
(Euro 2) 
2.2 
-
0.5 
-
4.0 
1.1 
7.0 
0.15 
-
-
-
-
-
-
-
-
2005 
Bharat II 
(Euro 2) 
2.3 
0.2 
0.15 
2.1 
0.66 
5.0 
0.1 
1.5 
-
1.5 
2.25 
-
2.0 
1.0 
-
0.85 
0.1 
2010 
Bharat II 
(Euro 2) 
1.0 
0.1 
0.08 
-
-
-
1.0" 
-
1.0" 
1.25" 
-
1.25" 
0.5" 
-
0.5" 
0.5" 
Source: CPCB 2001 
*: Conformity of production 
**: Type approval 
+: Proposed 
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Table 3.15. Delhi: Annual Mean Concentration (^g/m ) and Growth Rate of 
SPM in the Ambient Air (1987-2006) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Source: Calculatec 
Year 
1987 
1989 
1991 
1993 
1995 
1997 
1999 
2001 
2003 
2005 
2006 
from data coUe 
Residential 
Area 
500.8 
{-) 
341.5 
(-31.8) 
300 
(-12.1) 
358 
(19.33) 
409 
(14.2) 
365 
(10.75) 
351 
(-3.8) 
284 
(-19.08) 
314 
(10.56) 
304.9 
(-3.18) 
373.22 
(22.4) 
cted from CPCB: 
Industrial 
Area 
616.5 
(-) 
435.5 
(-29.35) 
349 
(-19.86) 
402 
(15.18) 
403 
(0.24) 
314 
(-22.08) 
365 
(16.24) 
334.5 
(8.35) 
352 
(5.23) 
293.95 
(16.49) 
362.97 
(23.4) 
2007 
Traffic 
Intersection 
N.R. 
N.R. 
N.R. 
N.R. 
452 
(-) 
409 
(-9.5) 
418 
(22) 
440 
(5.26) 
460 
(4.54) 
513.33 
(11.59) 
517.5 
(0.8) 
Figure in Brackets represent per cent. 
N.R.: Not Recorded 
Fig.3.13 presents the annual trend of the mean concentrations of SPM as 
recorded from 1987 to 2006. The frend observed is quite fluctuating and is not very 
systematic. The mean concenfration over the observational period is recorded at 
718.53 ng/m^ with the annual mean growth rate of 26.45 |ig/m^. It has been found that 
the origin and presence of SPM in the ambient air of Delhi is mainly contributed by 
vehicular and industrial activities, hi addition, a significant amount of dust originates 
from strong wind and construction activities. The dust laden sfrong winds and hazes 
leading to the accumulation of particulates in the ambient air is a regular climatic 
feature of pre-monsoon period. The problem is further aggravated by heavy 
movement of traffic along the road, construction of buildings, roads, bridges and 
frequent digging of roads for networking of telephone communication etc^°'^'. 
30. Kumar, B. and Singh, R.B., 2003, op. cit., p. 109-135. 
31. State of Environment Report for Delhi 2001: Key Environmental Concerns, p.3. 
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3.2.5. Respirable Suspended Particulate Matter (RSPM-PMio) 
The status of annual mean concentration of RSPM is given in Table 3.16 & 
Fig. 3.14. It has been observed that the concentration has been highly fluctuating with 
sometimes positive and sometimes negative growth rate. The annual mean 
concentration over the observational period (1998-2006) has decreased from 153.45 
|j,g/m^ to 141.04 |ig/m^ in residential areas; whereas in industrial areas and at traffic 
intersection it has increased from 154.16 ng/m^ to 161.85 ng/m^ and 200 \ig/m^ to 
219.25 iig/w? against the standard limit of 60 p.g/m^ 120 |Jg/m^ and 60 ^g/m^ 
respectively (Table 3.8). Although, it shown negative growth rate in most of the years 
in all the three areas, they are still well above the aimual NAAQS limit. It may be 
attributed to reduction in the sulftir content of diesel and petrol as sulftir dioxide 
converts into sulfate particulates, a form of PM2.5 particles, any reduction in the sulftir 
content of ftiel is expected to reduce the quantity of particulates in the atmosphere^ .^ 
On the basis of EF (Table 3.9), the residential areas and traffic intersection are 
categorized under critical pollution with exceedence factor of 2.35 and 3.65 
respectively and industrial areas come under the category of high pollution as its 
exceedence factor is recorded at 1.34. 
Fig. 3.15 reveals that the concentration of RSPM follows a fluctuating trend; 
sometimes upward trend and sometimes downward trend. The average mean 
concentration over the observational period is recorded at 257.43 p.g/m^ with the 
average annual growth rate of 36.459 \ig/m^. The high level of RSPM found in the 
ambient air of Delhi is mainly due to increase in constructional activities, diesel 
powered vehicles and meteorological conditions'^ . 
An increase in the proportion of petrol fiieled three wheelers to CNG has led to 
an increase in PMio concentration. One possible reason for this may be poor CNG 
three wheeler technology, at least for the first generations of CNG three wheelers 
introduced in Delhi. These three wheelers are characterized by poor quality of the 
piston rings, as well as the improper maintenance of air filters, which are causing 
abnormally high wear and tear of the priston rings, allowing lubricating oil to leak 
from the oil pump to the combustion chamber and generate white visible smoke. This 
smoke may well be what is causing the increase in PMio levels from CNG three 
32. Narain, U. and Krupnick, A., 2007, op. cit., p. 19. 
33. Balanchandaran, S., Meena, B.R. and Khillare, P., Particle Size Distribution and its Elemental 
Composition in the Ambient Air of Delhi, Environment International, 26: 2000, p. 49-54. 
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wheelers^ '*' ^\ Additionally, recent increase in the proportion of diesel cars also 
appears to be increasing PMio levels in Delhi. Finally, for similar reasons, an increase 
in the proportion of diesel light trucks also appears to increase PMio concentration". 
The study area has been witnessing rapid constructional activities in the form of ring 
roads, flyovers, metro railways and increased residential and commercial complexes. 
Moreover, due to large number of vehicle, non-exhaust particles originate from wear 
and corrosion of road pavement and vehicle components (tyres and brakes), road 
maintenance, road equipment and particles 
Table 3.16. Delhi: Annual Mean Concentration (jig/m?) and Growth Rte of 
RSPM in the Ambient Air (1998-2006) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Year 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
Residential 
Area 
N.R. 
N.R. 
153.45 
(-) 
113.75 
(-25.87) 
139.17 
(22.34) 
129.5 
(-6.94) 
116.98 
(-9.66) 
115.53 
(-1.23) 
141.04 
(22.08) 
Industrial 
Area 
N.R. 
N.R. 
154.16 
(-) 
150.36 
(-2.4) 
167.35 
(11.29) 
142.87 
(-14.62) 
134.4 
(-5.9) 
131.03 
(-2.5) 
161.85 
(23.5) 
Traffic 
Intersection 
200 
(-) 
216 
(8) 
191 
(-11.57) 
180 
(-5.75) 
270 
(50) 
244 
(-9.6) 
228 
(-6.55) 
257.8 
(13.07) 
219.25 
(-14.95) 
Source: Calculated from data collected from CPCB 2007 
Figure in brackets represent percent. 
N.R.: Not Recorded 
originating from the road surroundings also immensely contribute particulate 
pollutants to the ambient air of Delhi. 
3.3. Seasonal Variation in Pollutants Concentration 
The physical characteristics and phenomena occurring in the atmosphere, their 
34. Bull, R.G., Mathur, K., Narain, U. and Simpson, D., Clearing the Air: How 
Delhi Broke the Logjam on Air Quality Reforms, Environment, 46 (3): 2004, p. 22-39. 
35. EPCA Report on the increase in the number of three- wheelers in Delhi, No. 9, 
2004, New Delhi. 
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interaction within atmosphere and with the earth's surface plays a vital role in air 
pollutant concentrations particularly in the process of pollutant transport. The 
meteorological factors are the scientific phenomena that affect a range of atmospheric 
characteristics on dispersal of pollutants and consequently produce seasonal variation 
in pollutants concentration in the ambient air^ *. The concentration of pollutants at or 
near ground level is a balance between the amoimt emitted and the degree to which 
they are diluted, dispersed by atmosphere or scavenged firom the atmosphere by 
gravitation or precipitation. 
In order to examine the effect of meteorological conditions on the ambient air 
pollution in Delhi, 16 years data (1991-2006) have been analyzed with the year being 
divided into three seasons viz., Pre-Monsoon Period (March to Jxme), Monsoon 
Period (July to September) and Post- Monsoon Period (October to February). 
3.3.1. Pre-Monsoon Period 
The pre-monsoon period (March to June) is characterized by fi-equent change 
in wind direction and speed, turbulent atmospheric conditions and very few days with 
calm conditions (Table 3.17 & 3.18). The winds during this period have dominance of 
North-West & West direction though winds fi-om other directions also blow 
frequently. Wind speed is higher during this season and varies between 10.8-14.6 
km/hour (Table 3.17). Besides, local disturbances in environment cause fi-equent dust 
storm and hazy conditions. Moreover, the winds blowing fi-om Thar desert bring dust 
that builds up high particulate matter levels in ambient air in these months. Table 3.19 
& Fig. 3.16 indicate that the average concentration of pollutants during pre-monsoon 
is moderate. The average concentration through out the observational period was 
recorded at 429.28 ^g/m^ It varies from 357.05 )ag/m^ (minimum) to 547.32 )iig/m^ 
(maximum). It is attributed to the frequent blowing of dust storms, deposits large 
amount of dust in the ambient air that plays a vital role in the increasing concentration 
of pollutants. 
3.3.2. Monsoon Period 
During the monsoon period (July to September) South Westerly winds is 
characterized by high thunderstorm and rain which brings down the concentration of 
pollutants in the ambient air (Table 3.17 & 3.18). It can be deduced from Table 3.19 
& Fig 3.16 that on an average this is a period of low pollution with the average value 
36. Air Quality Status and Trend in India, NAAQMS/14/1999-2000, MoEF, CPCB, 2000, p. 47. 
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Table 3.18. Delhi: Special Weather Phenomena (No. of days) 
Phenomena 
Thunder 
Hail 
Dust stonn 
Squall 
Fog 
Source: M D , Pi 
a 
1.5 
0.1 
0 
0.3 
3 
one 200] 
.a 
1.7 
0.1 
0 
0.4 
0.5 
;• 
« 
S 
3 
0.4 
0.5 
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0.1 
;• 
^ 
3 
0.1 
1.0 
1.6 
0 
5 
0.1 
3 
3 
0.7 
a 
5 
0 
3 
2 
0.2 
1 
7 
0 
0.5 
1.5 
0.1 
WD 
8 
0 
0 
1.0 
0 
4 
0 
0.1 
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0 
u 
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13 
0 
0.3 
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0.1 
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0 
1.7 
a 1 
41 
0.8 
8 
12 
7 
of 326.35 ng/m^ over the entire observational period. The highest and lowest values 
vary between 244.50 i^g/rn^  to 432.26 ^g/m^ respectively (Table 3.19 & Fig. 3.16). It 
is mainly due to the frequent rain that wash down the air borne particulates and other 
gaseous pollutants and does not allow pollutants to build up to higher concentration in 
the ambient air. 
3.3.3. Post- Monsoon Period 
The post-monsoon period (October to February) is relatively much calm than 
other months. The prevailing calm conditions facilitate more stability to atmosphere 
and consequently slow dispersion of pollutants that helps in build up of pollutants. It 
experiences the most predominant direction of surface wind of West to North-West 
with speed 7-15 Km/h. In the wake of western disturbance in winter season, 
temperatures become low. The general pollutant levels subjected to increase 
considerably because of lower ambient temperature, calm conditions and lower 
mixing air etc. In addition, the temperature inversion phenomena is a recurring feature 
during winter, which restricts and confines pollutants dispersion. The average 
concentration of pollutants during this period observed was 442.90 |xg/m^ with the 
minimum and maximum values of 342.04 |ag/m^ and 531.10 fxg/m^  respectively 
(Table 3.19 & Fig. 3.16). As a result, it is considered the period of high pollution. 
After foregoing discussion regarding air pollution it is concluded that the 
ambient air quality in the study area is deteriorating rapidly. It has been found that 
the vehicles continue to be the major source of pollution followed by industrial and 
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Table 3.19. Delhi: Seasonal Variation in the Concentration of Air Pollutants 
(1991-2006) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Source: Ca 
Years 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
Average 
culated froir 
Pre-Monsoon 
407.03 
486.45 
441.23 
421.26 
450.53 
479.53 
386.53 
409.21 
423.55 
376.74 
365.65 
508.25 
382.88 
425.35 
357.05 
547.32 
429.28 
1 data collected from C 
Monsoon 
304.05 
331.80 
378.52 
359.90 
432.26 
339.83 
352.41 
353.41 
361.98 
244.50 
261.54 
369.30 
268.51 
322.94 
273.03 
248.18 
326.35 
:PCB 
Post-Monsoon 
365.98 
396.79 
443.43 
431.76 
477.20 
470.24 
379.58 
437.34 
398.42 
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domestic sectors. Among the pollutants, particulate pollutants have been found above 
the standard limits through out the observational period while the gaseous pollutants 
are showing declining trends especially after 1996. 
During the study it has been observed that the period between 1989-1996 saw 
a rapid increase in pollution levels. In fact, 1996 is considered as the peak year in 
terms of air pollution load. The fight against air pollution which began in right earnest 
in 1997, finally started yielding results. Statistics have shown that not only has the 
rising trend in pollution level been checked, but the levels of various pollutants in the 
ambient air are also coming down. Though Delhi experiences air pollution but there is 
not much of chemical pollution. 
Controlling measures played a vital role in mitigating the pollution levels in 
the ambient air of Delhi. It has been observed that under the close supervision of 
Supreme Court, Delhi has implemented a wide array of policies that are reputed to 
have improved its air quality. As a direct result of court orders, low sulfur content of 
diesel and petrol was introduced that appears to have reduced SO2 concentration. 
Starting in late 1996, industries categorized as being hazardous or noxious under the 
Delhi Master Plan, the so-called H-category of industries, were forced to shut down. 
Also, premixed lubricating oil and petrol replaced loose supply of the fiaels for two-
stroke engines, the retirement of commercial vehicles older than 15 years and 
conversion of all commercial passenger vehicles—buses, taxis and three-wheelers— 
to compressed natural gas (CNG) reduced air pollution level by reducing PMio, CO 
and SO2 concentration. Some time between 1999 and 2000, Delhi's thermal power 
stations began to use beneficiated coal, with an ash content of less than 34 per cent, 
versus coal with an ash content of 40 per cent. Implementation of stringent emission 
standards for all types of vehicles and use of catalytic converters in all new passenger 
vehicles to reduce emissions. Finally, a mass rapid transit system, known as the 
Metro, was introduced in 2000 has also reduced the level of pollution in Delhi. It has 
also been observed that the gain achieved fi-om fiael switching and other 
improvements in fuel quality and vehicle technology are being negated to some extent 
by the sheer increase in the number of vehicles in Delhi. Thus the first and second 
hypotheses which associate urban activities and urban population with pollution levels 
are fully satisfied in this chapter. 
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Water Pollution: A Spatio-TemporaC 
Analysis 
Water pollution refers to adverse changes in the composition or condition of 
water such that it becomes less suitable for the purposes it would be appropriate for in 
its natural state. The problem of water pollution is not a new phenomena in human 
history. It dates back to the dawn of human civilization as the location of human 
habitation from time immemorial has been largely evolved and developed around or 
near a water source. The alteration in water quality started with the first advanced 
civilizations of Mesopotamia, Egypt, India, China, Persia, Greece and Rome etc. In 
ancient Rome, sewers carried human waste into the Tiber River. By 312 B.C. the river 
was so polluted that the Romans had to construct aqueducts to obtain clean drinking 
water. 
The problem of pollution that started in ancient times is continuing till date. 
Unfortunately, the importance of clean water was not understood until the second half 
of the nineteenth century. As humans moved from agrarian to industrial societies the 
use of water for domestic purposes, agricultural practices, manufacturing of goods 
and for transportation increased and in turn the pollution increased in magnitude and 
became a real problem for the environment and its human and non-human inhabitants. 
It is estimated that over 90 per cent of Europe's rivers have high nitrate concentrations 
generated mostly from agrochemicals and 5 per cent of them have concenfrations at 
least 200 times greater than the levels naturally occurring in unpolluted water'. More 
than half of the Europe's lakes are eutrophied from agriculture and municipal 
nutrients . It is estimated that within 50 years some 60,000 sq. km. of ground water 
aquifers in western and cenfral Europe are likely to be contaminated with pesticides 
and fertilizers^. In U.S.A. 40 per cent of all surface water is unfit for bathing or 
fishing and 48 per cent of all lakes are eutrophied"*' .^ Similarly, in developing 
countries, on an average, 90 to 95 per cent of all domestic sewage and 75 per cent of 
all industrial wastes are discharged into surface water without any treatment*' ^ . All of 
1. World Health Organization, Our Planet, Our Earth-Report of the WHO Commission on Health and 
Environment, Geneva, WHO, 1992, p. 106-144. 
2. World Health Organization, Health and Environment in sustainable development, Geneva, WHO, 
1997, p. 19-133. 
3. Niemczynowicz, J., Wasted Water, UNESCO Sources, No. 84, 1996, p. 8. 
4. Environment Protection Agency (EPA), The Quality of Nation's Water: 1994, Washington, D.C., 
EPA, Dec. 1995, p. 209. 
5. World Health Organization, Health and Environment in sustainable development, 1997, op. cit. 
6. Allaoui, K., Long term Finance for Water Projects: The IDB's Approach, Presented at the 
International Conference of Water and Sustainable Development, Paris, March 19-21, 1998, p. 1-7. 
7. Carty, W., Towards an Urban World, Earthwatch (43), 1991, p. 2-4. 
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India's fourteen major rivers are badly polluted and together they transport 50 million 
Q 
cubic metre of untreated sewage into India's coastal waters every year . The 
increasing levels of water pollution can be viewed as an outcome of increasing 
population & demand for domestic consumption, increasing agricultural activities, 
industrial activities and increasing solid waste generation. It has became a common 
phenomena that waste from different sources find water bodies, especially rivers, a 
convenient means of disposal either through direct dumping or through leaching into 
groundwater from dumping sites. As a result, each year rou^ly 450 km of waste 
water is discharged into rivers, streams and lakes worldwide. Consequently, both 
developed and developing countries are confronting with serious water pollution 
problems. 
The water pollution is the biggest crises facing Delhi that seems to be going from bad 
to worse. Perennial increase of urban population accompanied by enhanced urban 
activities are placing exigent pressures on the use of fresh water derived from various 
sources and are enhancing the discharge of miuiicipal waste, industrial effluents and 
agricultural residue etc into rivers and lakes containing all sorts of toxic chemicals 
and pollutants. As a result, it is not only creating the scarcity of water but also 
deteriorating the quality of water. Various attempts have been made to analyze the 
water quality in Delhi in the recent past. Behera et al (2004)' studied the quality of 
waste water discharge into river Yamuna from five major drains as well as quality of 
river water. He used twenty eight parameters including heavy metals, pesticides, total 
coliform and fecal coliform for the calculation of water quality index and found that 
the river water beyond Wazirabad is unfit for bathing, swimming and even recreation. 
Sarvothaman (2004)'° highlighted that the five major drains and several minor drains 
in Delhi between Wazirabad and Okhla discharge unimaginably low quality and high 
quantity of untreated or partially treated sewage in the Yamuna river that are 
deteriorating water quality. Dasgupta (2004)" assessed health damages (diarrhoeal 
8. Harrison, P., The Third Revolution: Environment, Population and Sustainable World, London, I.B., 
Touries, 1992, p. 305. 
9. Behera, P.K. et al, "Waste Water Quality of Major Drains of Delhi Draining Waste Water to 
river Yamuna at Delhi Stretch" in Kumar, A. and Tripathi, G. (Ed.) Water Pollution 
Assessment and Management, Daya Publ. House, New Delhi, 2004, p. 55-129. 
10. Servothaman, H., Water Resource Augmentation, Management and Policies, Asiatech 
Publication, New Delhi, 2004, p. 211. 
11. Dasgupta, P., "Valuing Health Damages from Water Pollution in Urban Delhi, India: a Health 
Production Function Approach", Environment and Development Economics, Cambridge 
University Press, 2004, p. 83-106. 
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illness) in Delhi by adopting a health production function approach. She developed a 
model for valuing the damage from contaminated water supplies, based on the theory 
of utility-maximizing consumer behaviour for estimating the probability of illness for 
a household. She found positive relationship between poor quality and quantity of 
water and occurrence of diseases. Varshney (2006) analyzed the degrading water 
quality of lakes in Delhi. He found that the surface water is contaminated from many 
sources such as garbage dumps, toxic waste, intentional dumping of hazardous 
substances, run off from streets which carries oil, rubber, heavy metals and other 
contaminants that alter the water chemistry of lakes. 
In the present study an attempt has been made to study water pollution in 
Delhi with special reference to pollution contributing factors, annual and seasonal 
variation in physico-chemical and bacteriological characteristics of river water and 
lakes and ground water pollution. For the analysis, data were collected from 
secondary sources (i.e. CPCB). The collected data have been organized, moderated, 
tabulated and analyzed with suitable statistical techniques and portrayed in graphs and 
diagrams. 
4.1. Sources of Pollution 
There are two types of water pollution sources: non-diffused (point) and 
diffused (non-point). Non-diffiised sources of pollution refers to the discharge 
pollutants into the environment through well specified pipes, sewers, or ditches from 
specific sites such as factories or sewage treatment plants. Contrary to non-diffused 
source of pollution, the diffused sources are unspecified; numerous in numbers and 
they don not contribute much individually, although their contribution is significant 
when considered collectively'^. This pollution is original in the catchments area of the 
river and is transported regularly or occasionally by leaching, drainage and surface 
run off during monsoon. 
4.1.1. Non-Diffused/ Point Sources: The non-diffiised sources of pollution cover two 
major categories: 
4.1.1.1. Domestic Source 
The domestic waste is the major source of pollution in Yamuna river. About 
12. Varshney, C.K., "Water Pollution in Delhi Lakes", Aquatic Science-Research Across 
Boundaries, Vol.33, No.l, 2006, p. 114-116. 
13. Joseph, K. and Nagendran, R., Essentials of Environmental Studies, Pearson Education, 
Pte. Ltd., New Delhi, 2004, p. 124, 
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85 per cent of the total pollution in the river is caused by the domestic sources. 
Alarming growth of urban population has not only increased the demand of fresh 
water to meet the domestic requirement but also increased the discharge of waste 
water in the receiving bodies that have the cumulative effect of deteriorating the water 
quality. The organic matter and the microorganisms are the main constituents of the 
domestic waste. Besides these, salts, chlorides, nutrients, detergents, oil & grease etc. 
are also contributed by domestic source. It has been estimated that a total of 2163 
Million Litre/Day (MLD) waste water is generated against the water supply of 2700 
MLD in the five sewerage zone of Delhi namely-Okhla, Keshopur, Rithala, 
Coronation Pillar and Shahdara''*. 
Moreover, numerous imauthorized colonies exist in various part of Delhi. Due 
to non-availability of sewerage system in these colonies, the night soil is collected, 
transported and dumped either in drains or directly into river without any treatment. 
In addition, a large portion of the solid waste including domestic waste, waste from 
dairies and other discarded materials generated by the unauthorized colonies finds its 
way into the river (Plate No.4.1). Moreover, the poor condition of trunk sewers, 
shortage of sewage treatment capacity and lack of sanitation facilities in unsewered 
areas of Delhi, accounts for nearly 50 per cent of the total pollution and is responsible 
for contaminating river'^' '^. The generation of pollutants from domestic source in 
case of the rural communities is more or less uniformly spread over large areas. Most 
of the rural areas do not have piped water supply and even if they have, it is not 
adequate to support water- borne system of disposal. Hence, land disposal of 
generated sewage is the prevalent method adopted. During the onset of the monsoon, 
with the first showers of the season, the flushing of the whole catchment area takes 
place. As a result, the pollutants find their way to recipient water bodies or join the 
main river course and some part of waste water percolates into the soil. 
4.1.1.2. Industrial Pollution 
There are several medium and small-scale industries which are immensely 
contributing to the generation of pollution loads. Most of the industries in the study 
area have an inefficient treatment system that leads to generation of pollution loads, 
14. Water Quality Status of Yamuna River, Series: ADSORBS/32/1999-2000, CPCB, MoEF, New 
Delhi, p. 23. 
15. Water Quality Status of Yamuna River, ADSORBS/41/2006-2007, CPCB, MoEF, p. 20. 
16. Water Quality Status of Yamuna River, ADSORBS/32/1999-2000, CPCB, MoEF, p. 20. 
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which is toxic and varied in nature and highly concentrated in terms of space and 
time. Some pollutants being refractory become very difficult to either destroy or 
remove once they have entered into a stream. Table 4.1 indicates that the total 
discharge of industrial effluents is nearly 81.4 MLD that is responsible for 127.32 
Metric Ton/day (MT/day) of Biological Oxygen Demand load (BOD). 
Table 4.1. Delhi: Sewerage Zone-Wise Estimated Generation of Industrial 
Pollution Load (2001) 
S.No. 
1 
Sewerage 
zone 
OkMa 
Industrial areas 
Okhla 
Sub Total 
2 Keshopur Rohtak Road 
Karampura 
Mayapuri 
Najafgarh Road 
KiftiNagar 
Naraina 
Mangolpuir 
Sub Total 
3 Rithala Mangolpuri 
Najafgarh Road 
Anand Parbat 
Lawrence Road 
Badli 
Narela 
Wazirpur 
Sub Total 
4 Coronation 
Pillar 
Azadpur 
Narela 
Sub Total 
5 Shahdara Jhilmil 
Patparganj 
Sub Total 
Grand Total 
Est. Ind. discharge 
(MLD) 
10.0 
10.0 
1.68 
3.09 
7.0 
7.20 
3.0 
6.0 
0.56 
28.53 
.85 
4.80 
8.0 
2.0 
1.53 
3.21 
10.0 
30.39 
1.94 
0.54 
2.48 
7.0 
3.0 
10.0 
81.4 
Est. Ind. BOD 
Load (MT/day) 
9.41 
9.41 
6.12 
11.27 
25.34 
26.28 
10.95 
0.09 
0.60 
80.65 
0.89 
17.52 
8.46 
2.12 
0.42 
0.88 
2.75 
33.04 
0.53 
0.15 
0.68 
2.48 
1.06 
3.54 
127.32 
Source: CPCB 2001 
4.1.2. Diffused / Non- Point Sources 
The diffused pollution is mainly generated from the catchments areas through 
movement of water. The pollutants originated from diffused sources are topsoil 
organic matter, plant residues, nutrients, organic chemicals, toxic elements and 
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microorganisms etc. The important diffused pollution sources contributing to river 
Yamuna are: 
4.1.2.1. Pollution from Agricultural Area 
Agricultural pollution in the river Yamuna is mainly contributed by 
agricultural residues, fertilizers, insecticides &. pesticides, solid waste from animal 
husbandry and excess salts from applied irrigation water. The fertilizer and pesticide 
residues from agricultural field either percolate into ground water system or find their 
way to the surface water system. Though agriculture is a very important source of 
pollution but it does not pose a serious problem to water quality of river Yamuna in 
Delhi. 
4.1.2.2. Cattle Wading 
Banks on the both sides of entire sfretch of river Yamuna are occupied by the 
rural areas. The main activities in these areas are agriculture and cattle farming. The 
cattle from local farms frequently visit the river for various activities especially for 
wading into the river water (Plate 4.2). This activity affects the water quality through 
many ways. The faecal matters of the cattle contributed during wading directly 
increases the BOD, the caliform load and various pathogens in the river water. The 
vigorous movement and activities of cattle in the river also disturb the riverbed, 
whereas organic matter and other pollutants settled in the form of sludge. The 
disturbed sludge gets mixed with the water and deteriorates its quality. 
4.1.2.3. Bathing 
In the Hindu mythology, bathing in the rivers is considered sacred and great 
significance is assigned to it on some auspicious day or moment. In the Yamuna river, 
mass bathing takes place during some special festivals and religious occasions (Plate 
No. 4.3). The large scale river bathing influences the water quality by increasing the 
load of pathogens in the river. The water quality deteriorates fiirther through the 
activities related with bathing e.g. offering of flowers, milk, sweets etc. into the river 
water. 
4.1.2.4. Open Defecation 
The banks of river Yamuna is heavily populated with Jhuggi & Jhopri clusters 
(slums) where the sanitary facilities are either not existing or not developed. Nearly 
62,000 units of Jhuggi & Jhopri cluster are estimated to be located on the both side of 
the bank of river Yamuna and on the embankments of a few major storm water drains 
such as Najafgarh drain, Barapulla drain etc (Plate No.4.4 & 4.5). These slum 
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Plate No. 4.1: Solid Waste in the River 
Plate No. 4.2: Cattle Wading in the River 
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dwellers use open areas around their units for defecation. In this way, the entire 
human waste generated from these units along with the additional wastewater 
generated from their unit is discharged untreated into the river contributing both 
pathogenic and organic contamination to the river water . 
4.1.2.5. Cloth Washing 
Washing cloth at the bank of river Yamuna is a common feature (Plate No. 
4.6). It is not only responsible for inorganic and organic contamination but also 
increases detergent contents. The contents of detergent in the river water generate 
foam at the surface that hamper oxygen diffusion rate affecting not only the self 
purification capacity but also other biological activities. 
4.1.2.6. Other Sources 
The conmiercial activities, service shops, institutional areas, offices and 
floating population in the urban area utilize considerable quantity of potable water 
that leads to the generation of waste water in addition to regular municipal and 
industrial pollution load generation. 
4.2. Holistic View of Pollution Load Generation 
The phenomenal increase in urban population and increasing standard of 
living has resulted in steep increase in generation of sewage in the study area. It has 
been observed that the rate of sewage generation has been continuously increasing 
from the past few decades with the values equal to 329 MLD, 522 MLD, 916 MLD, 
1616 MLD and 3267 MLD for the years of 1961, 1971, 1981, 1991 and 2003 
respectively (Table 4.2 Fig. 4.1). Over the last thirty three years, nine fold increases in 
the generation of sewage has been observed. 
Table 4.2. Delhi: Sewage (MLD) Production and Treatment (1961-2003) 
S.No. 
1 
2 
3 
4 
5 
Year 
1961 
1971 
1981 
1991 
2003 
Installed 
capacity 
257 
371 
446 
772 
2330 
Production of 
sewage 
329 
522 
916 
1616 
3267 
Untreated 
sewage 
72 
151 
469 
863 
1789 
Treated 
sewage 
295 
268 
184 
753 
1478 
Source: Comprehensive Ian on Env. & Pollution Control 2005 
17. Water Quality in India (1999-2000), MINARS/20/2001-2002, CPCB, New Delhi, p. 28. 
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Plate No. 4.3: Bathing in the River 
, Af '• •" 
*v ^ 
Plate No. 4.4: J & J Cluster along the Yamuna River 
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Plate No. 4.5: Drain flowing into Yamuna through Slums 
Plate No. 4.6: Cloth Washing in the River 
n2 
Delhi: Sewage Production and Treatment Capacity 
(1961-2003) 
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Fig. 4.1 
It has also been observed that the gap between sewage treatment capacity and 
sewage generation is continuously widening and consequently leading to the 
generation of a large amount of untreated sewage. In the year 2003, an estimated 3267 
MLD of sewage were generated in Delhi against the treatment capacity for 2330 
MLD of sewage (71 percent of total sewage generation). However, only about 1478 
MLD (63 per cent) of sewage in terms of BOD load has received actual treatment 
(Table 4.2). It has been found that more than fifty percent of sewage remains 
untreated. 
The pollution load in different sewerage zones has been given in Table 4.3. & 
Fig. 4.2. It reveals that in all sewerage zones, the domestic waste (1630 MLD) is the 
major contributor in pollution load followed by other soxirces discharge (371.29 
MLD) and industrial discharge (81.40 MLD). 
The pollution load in terms of BOD (MT/day) from domestic, industrial and 
from other sources has been quantified in Table 4.4 & Fig. 4.3. It can be deduced 
from the Table 4.4 & Fig. 4.3 that in term of BOD load, the highest BOD load is 
generated from domestic source (449.85 MT/day) followed by industrial (127.32 
MT/day) and other sources (105.53 MT/day). The highest contribution of the 
domestic sector in pollution load generation is mainly due to ever increasing trend in 
the population. 
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Table 4.3. Delhi: Sewerage (MLD) Zone-Wise Estimated Generation of Pollution 
Loads (excluding new colonies) 2001 
s. 
No. 
1 
2 
3 
4 
5 
Sewerage 
zone 
Okhla 
Keshopur 
Rithala 
Coronatoin 
Pillar 
Shahdara 
Total 
Estimated 
total waste 
798.69 
413.74 
399.04 
89.26 
382.04 
2082.77 
Estimated 
domestic 
waste 
566.69 
291.09 
350.42 
82.45 
339.43 
1630.08 
Estimated 
Industrial 
waste 
10.0 
28.53 
30.39 
2.48 
10.0 
81.40 
Estimated waste 
from other 
sources 
222.00 
94.12 
18.23 
4.33 
32.61 
371.29 
Source: CPCB 2001 
Delhi: Sewerage Zone-Wise Pollution Load Discharge 
(2001) 
600-1 
^ 500-Q 
^ 400-
^ 300-
I 200 
° m 
Okhla Keshopur Rithala Coronatoin Shahdara 
Pillar Sewerage Zones 
0 Domestic Source s Industrial Source n other sources 
Fig. 4.2 
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Table 4.4. Delhi: Sewerage (MT/day) Zone-Wise Estimated Generation of 
Biological Oxygen Demand Loads (2001) 
S.No. 
1 
2 
3 
4 
5 
Sewerage 
Zone 
Okhla 
Keshopur 
Rithala 
Coronation 
Pillar 
Shahdara 
Total 
Estim. 
total BOD 
load 
229.80 
186.86 
134.76 
25.30 
106.18 
682.70 
Estim. 
domestic BOD 
load 
156.39 
8033 
96.71 
22.75 
93.67 
449.85 
Estim. indust. 
BOD load 
9.41 
80.65 
33.04 
0.68 
3.54 
127.32 
Estim. BOD 
load from 
other sources 
63.80 
25.88 
5.01 
1.87 
8.97 
105.53 
Source: CPCB 2001 
1-
.5 
a 
180 
150 
120-
90-
60-
30 
0 
Delhi: Sewerage Zone-Wise Generation of BOD Load 
(2001) 
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Sewerage Zones 
0 Domestic Source S Indust. Source B Other sources 
Fig. 4.3 
There are thirty sewage treatment plants (STPs) located at sixteen locations 
(Table 4.5). The total combined treatment capacity of all the STPs is 2,330 MLD. The 
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actual treatment of sewage observed in the month of November 2006 was only 
1260.40 MLD because most of the STPs were running under capacity. As a result, 
significant volumes of sewage generated, remain untrapped and find its way into the 
river Yamuna through drains. 
Table 4.5. Delhi: Status of Sewage Treatment Plants 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
STPs 
Coronation Pillar 
Delhi Gate 
Ghitomi 
Keshopur 
Kondli I, n, III, IV 
MehrauU 
Najafgarh 
Nilothi 
Narela 
Okhla 
Papankalan 
Rithala 
Rohini 
Dr.Sen N.H. 
Yamuna Vihar I, II 
Vasant Kunj 
Total 
Capacity by 
31.3.2006 (MGD) 
46 
2.2 
5 
72 
45 
5 
5 
40 
10 
140 
20 
80 
15 
2.2 
20 
5 
512.40 
Actual treatment as on 
31.3.2006 (MGD) 
26.0 
2.4 
-
68.6 
43.50 
1.50 
0.2 
5.10 
2.3 
119 
8.2 
42.0 
-
2.5 
7.6 
4.10 
333.00 
Source: Economic survey of Delhi 2005-2006 
4.3. Surface Water Pollution 
Water resources can be classified into surface water comprising of rivers, 
lakes and oceans and groundwater. 
4.3.1. River Yamuna 
River Yamuna (Fig. 4.4) is mainly polluted by virtue of drains falling into it'l 
The low perennial flow in Yamuna and the huge quantity of waste it receives have 
given it the dubious distinction of being one of the most polluted rivers of the 
18. Parivesh, Sewage Pollution, CPCB, MoEF, Feb. 2005, p. I 
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4.3.1.1. Pollution contribution in Yamuna through Drains 
The total pollution discharge and pollution load in terms of BOD load 
contributed by 22 drains in the river Yamuna during the years 2000 to 2005 is 
exhibited in Tables 4.6 & 4.7 respectively. The total discharge of these drains 
recorded at 49.57mVsec in the year 2000 reduced to 46.1 ImVsec, 47.73mVsec, 
19. Bansal, P.C, Water Management of India, Concept Publ. Company, New Delhi, 2004, p. 276. 
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45.11m^/sec, 41.49mVsec, and 42.65mVsec in the years 2001, 2002, 2003 and 2004 
respectively. A reduction of about 14.27 per cent in the total discharge has been 
observed in last five years which reflects that a part of these drains water is diverted 
away especially for irrigation purpose. 
As far as the BOD load discharged by these drains is concerned, a reduction of 
about 25 per cent has been observed fi-om 2000 to 2005. The total BOD load of these 
drains recorded at 368.54 tones/day in the year 2000 came down to 304.83 tones/day, 
259.61 tones/day, 251.45 tones/day and 240.37 tones/day in the years 2001, 2002, 
2003 and 2004 respectively. This is due to increase in operational treatment capacity 
of sewage treatment plants and their better treatment performances. However, the 
BOD load has followed an upward trend during the year 2005 with annual capacity of 
277.03 tones/day. The changes monitored in the pollution level are attributed mainly 
to the increasing discharge of waste, and non-receipt of sewage at the sewage 
treatment plants due to absence of transport system and due to some other problems. 
In the sewage treatment plants, it is not possible to reduce the BOD load completely 
and as such a large amount of BOD load present in the treated sewage. It indicates 
that the sewage treatment facilities available in the study area are not sufficient to 
reduce half of the total pollution load generated by Delhi. 
Among the drains, as exhibited in Table 4.6 & Table 4.7 Najafgarh drain has 
been found to be the biggest drain both in terms of discharge of waste and BOD load 
recorded at 47.90 per cent and 29.63 per cent respectively in the year 2005. In term of 
total waste discharge, it is followed by Sarita Vihar Bridge drain and Shahdara drain 
that recorded 18.78 per cent and 17.44 per cent of pollution load. In terms of BOD 
load, it is followed by drain at LPG bottling plant (25.20 per cent) and Tehkhand 
drain (10.61 per cent) in the year 2005. These top three drains conhibute about 80 
per cent in terms of waste discharge and around 50 per cent in terms of BOD load. 
4.3.2. Water Quality Characteristics of River Yamuna 
4.3.2.1. Annual Mean Variation in Pollutant Concentration 
Discharge of raw sewage and sludge (a mixture of solids and water produced 
during the treatment of waste water or sewage) through major drains cause a serious 
pollution problem in the river Yamuna (Plate No. 4.7 & 4.8). Besides, the discharge 
from domestic and industrial sources, the over-exploitation of fresh water, essentially 
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Fig. 4.5 
required to maintain self purification capacity of the river, has been the main reason 
of pollution in this segment. The water quality of river Yamuna is found to 
becritically polluted and bears septic & eutrophic (the enrichment of water in water 
courses and lakes by chemical substances especially compounds of nitrogen and 
phosphorous) conditions^". 
The entire stretch of Yamuna river in Delhi is characterized by high bacterial 
population, cloudy appearance and high BOD load and strong disagreeable odour 
indicating the general depletion of oxygen. The analysis of water quality monitoring 
regarding physico-chemical and bacteriological characteristics for the period of 12 
years i.e. is presented in Table 4.8 and Figs. 4.6 & 4.7. The study reveals that the river 
has oligotrophic head (any environment usually used to water bodies or soils that 
offers little to sustain life due to very low nutrient levels) and saprobic tail end^' 
(living in or being an environment rich in organic matter but lacking oxygen). The 
anaerobic (not having oxygen) condition in river is frequently reflected by masses of 
gaseous sludge rising from the bottom and often noticed floating at the water 
surface^^. 
20. Annual Report of Central Pollution Control Board (2002-2003), CPCB, p. 19 
21. Annual Report of Central Pollution Control Board (2002-2003), op. cit., p. 20. 
22. Annual Report (2003-2004), CPCB, MoEF, New Delhi, p. 15. 
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Plate No. 4.7: Drain flowing into Yamuna 
Plate No. 4.8: A view of Wazirabad drain 
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Chemicai Oxygen Demand (COD): It may be defined as the amount of oxygen 
required by organic matter in a sample of water for its oxidation by a strong chemical 
oxidant. It measures the quantum of chemically oxidizable pollution present in water. 
During analysis the mean level of COD through out the observational period has been 
recorded at 56.75 mg/1 indicating high organic pollution in the stream. The mean 
COD value has been found to vary from 31 mg/l to 76 mg/1 over the entire 
observational period. The highest COD value i.e. 76 mg/1 has been recorded in the 
years 1988 and 2004 whereas the lowest value i.e. 31 mg/1 was observed in the year 
1995. Table 4.8 & Fig. 4.6 indicate that after 1998 the value of COD has been 
continuously increasing. It is mainly attributed to day by day increasing discharge of 
untreated or partially treated waste water from domestic and industrial sources into 
the river. 
Biological Oxygen Demand (BOD): The BOD is a standardized measurement of the 
amount of oxygen that would be required by microorganisms for decomposition of 
certain organic and inorganic matter in the water under prescribed conditions (20°C 
for 5 days). BOD is another important oxygen parameter to gauge the purity of the 
river water. Lesser the BOD, better will be quality of water. The mean level of BOD 
over the entire observational period has been recorded at 16.66 mg/1. It varies from 7 
mg/1 to 24 mg/1 in 1998 and 2004 (Table 4.8 & Fig. 4.6). It is observed that after 
1998, there has been consistent increase in BOD value that fall beyond the prescribed 
standard limit (3mg/l or less) set by ISI (Indian Standards Institute, Govt, of India, 
1984). The high BOD level indicates towards the more organic pollution in the river. 
The reasons behind the high BOD values are significantly low dilution in the river 
because of prolonged dry season, increasing discharge of raw sewage due to 
incomplete diversion of sewage from source to STPs, waste from agro-based 
industries and human and animal activities in the river etc. 
Ammonia (AMM): Table 4.8 & Fig. 4.6 reveal that the concentration of dissolved 
free ammonia in the river water varies from 4.60 mg/1 (1995) to 20.66 mg/1 (2004). 
The mean level over the observational period is recorded at 12.05 mg/1. In general, the 
AMM value reveals an increasing trend and is found beyond the standard limits 
(1.2mg/l or less) in most of the years (Table 4.7). The high concentration of ammonia 
is attributed to increasing discharge from industrial sources. 
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Total Kjeldal Nitrogen (TKN): TKN value has been depicted in Table 4.8 & Fig.4.6 
which has followed almost the same trend as AMM. The lowest concentration of 
TKN in the river water has been found in the year 1998 (4.97mg/l) and highest in the 
year 2004 (28.88 mg/1). The concentration has been following an increasing trend 
after 1998. It is due to industrial waste and agricultural waste (fertilizers) and organic 
waste matter coming from surrounding rural areas during rainy season. 
Dissolved Oxygen (DO): The purity of river water is usually measured by oxygen 
standards. The more the DO, the better is the quality of water. The availability of DO 
in river depends on rate and period of photosynthesis, its consumption by aquatic 
flora, favma and microorganisms and water temperature etc. The mean level of DO 
has been recorded at 1.43 mg/1 and is found beyond the standard limit (5.0mg/l or 
more) during the entire period of the study (Table 4.9). Table 4.8 & Fig. 4.6 indicate 
that the annual average varies from of 0.0 mg/1 to 3.8 mg/1. The highest DO value i.e. 
3.8 mg/1 has recorded for the river water in 1998 and lowest in 2004 i.e. 0.0 mg/1. The 
deficiency of dissolved oxygen in water is mainly due to consumption of oxygen by 
settled sludge in the river bed. The heavy discharge of sewage and other oxygen 
demand waste from industry and agriculture has also been found to be responsible for 
the depletion of the DO in the water and for developing septic conditions. 
Water Temperature (WT): The temperature of river water ranges between 25°C to 
28.1°C. The temperature may not be more important in pure water because of wide 
range of temperature tolerance in aquatic life, but in the polluted water it has profoimd 
effects on the DO and BOD. The lowest temperature has been recorded in the year 
1995 (25.3°C) and highest (28.1°C) in the year 2004. After 1995 it shows an upward 
trend and then follows a decline trend. On an average, the mean temperature is 
recorded 26.21°C through out the observational period (Table 4.8 & Fig. 4.6). 
Total Conform (TC): The total coliform is an important indicator of bacteriological 
characteristics of river water. Table 4.8 and Fig. 4.7 reveal that the average nimiber of 
TC has been recorded at 22742798.83/100ml through out the observational period that 
is well above the standard limit (5000 MPN/100ml or less- Table 4.9). Therefore it is 
not suitable for any purposes. The minimum TC count has been found in the year 
1997 (44918/100ml) and maximum in the year 2003 (102508333/lOOml). In general it 
follows an increasing trend especially after 1998. 
Fecal Coliform (FC): It is also an indicator of bacteriological characteristics 
especially of pathogenic bacteria. Table 4.8 & Fig. 4.7 indicate that the annual mean 
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Delhi: Physico-Chemical Characteristics of River Water of Yamuna 
(1988-2005) 
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Delhi: Bacteriological Characteristics of River Water of Yamuna 
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Table 4.9: Water Quality Standards in India 
Designated best use 
Drinking water without conventional 
treatment, after disinfection 
Outdoor bathing 
Drinking water after conventional 
treatment and disinfection 
Propagation of wild life and 
fisheries 
Irrigation, industrial cooling, 
controlled waste disposal 
Class of water 
A 
B 
C 
D 
E 
Criteria 
TC-50MPN/100ml 
pH- 6.5-8.5 
D0-6mg/l 
BOD-2mg/l or less 
TC- 100-500MPN/100ml 
pH- 6.5-8.5 
DO-5mg/l 
BOD-3mg/l or less 
TC- 5000MPN/100ml or less 
pH- 6-9 
D0-4mg/l or more 
B0D-3mg/l or less 
pH- 6.5-8.5 
D0-4mg/l 
Free Ammonia-1.2mg/l or less 
pH-6.0-8.5 
Electric Conductivity at 25°C, 
2250 micro mhos/cm max. 
Sodium absorption ratio-max.26 
Boron-max.2mg/I 
Source: CPCB 2001 
number of FC has been recorded at 3868107.66/lOOml over the entire study period. It 
varies between 25807/100ml (1998) to 19411250/100ml (2004). It has been observed 
that the number of FC has been continuously increasing especially after 1998. 
The high density of coliform in the river water is attributed to the increasing 
heavy discharge of untreated or partially treated sewage into the river, high 
concentration of organic matter of faecal origin, dumping of animal dead bodies and 
in- stream uses of water like bathing and cattle wading etc. It has been found that 
heavy discharge of urban, industrial and agricultural wastes has made the river water 
vulnerable. Consequently, the water quality of the river in particular and the habitat in 
general have become inhospitable to shelter the organic diversity^^ 
23. Annual Report (2001-2002) CPCB, MoEF, p. 18-20. 
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Plate No. 4.9: Polluted Water of River Yamuna 
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4.3.2.2. Seasonal Mean Variation in Pollutants Concentration 
The physico-chemical and bacteriological characteristics of Yamuna river 
varies significantly during non-monsoon (October to June) and monsoon period (July 
to September). Therefore, an attempt has been made to find out the variation in river 
water quality during these two seasons. For that purpose, eleven years (1995-2005) 
data of physico-chemical and bacteriological parameters of two monitoring stations 
namely Nizamuddin Bridge-Mid Stream and Nizamuddin Bridge-QTR Stream have 
been analyzed and presented in Tables 4.10-4.13 and Figures 4.8-4.13 . 
pH: Tables 4.10 & 4.11 and Figs. 4.8 & 4.11 indicate the pH values during monsoon 
period whereas Table 4.12 & 4.13 and Fig. 4.9 «& 4.12 show the pH values during 
non-monsoon period. The average pH value during monsoon period is recorded 7.60 
at Nizamuddin Bridge-mid stream and 7.58 at Nizamuddin Bridge-QTR stream 
whereas it is recorded 7.48 and 7.46 for the same locations in the non monsoon 
period. It has been observed that the highest and lowest pH values of the river water 
fluctuated between 7.92 (1998) to 7.18 (2002) at Nizamuddin Bridge-mid stream and 
between 7.89 (1998) to 7.07 (2002) at Nizamuddin Bridge-QTR stream in the 
monsoon period. In the non monsoon period, it varied fi-om 7,81 (1995) to 7.12 (2002) 
at Nizamuddin Bridge-QTR stream and from 7.88 (1995) to 7.11 (2002) at 
Nizamuddin Bridge-mid stream during the same years of observation. It has been 
found during the period of analysis that the values have not been showing any 
extreme variations and also have not been varying much fi-om monsoon to non 
monsoon period. 
DO: The DO concentration in the monsoon period has been exhibited in Tables 4.10 
& 4.11 and Fig. 4.8 & 4.11 and the concentration in the non-monsoon period is 
depicted by Tables 4.12 & 4.13 and Fig. 4.9 & 4.12. During monsoon period the 
average DO values has been recorded at 3.15mg/l and 3.50mg/l at Nizamuddin 
Bridge-QTR stream and at Nizamuddin Bridge-mid stream respectively. In the non 
monsoon period it has been found 1.41 mg/1 at Nizamuddin Bridge- mid stream and 
1.09 mg/1 at Nizamuddin Bridge-QTR stream. Tables 10 & 11 indicate that DO value 
of water ranged between 7.16 mg/1 (1995) to 0.00 mg/1 (2004) at Nizamuddin Bridge-
mid stream and between 6.10 mg/1 (1995) to 0.00 mg/1 (2004) at Nizamuddin Bridge-
QTR stream in the monsoon period. The BOD value of water in the non monsoon 
period (Table 4.12 & 4.13) varies between 3.26 mg/1 (1998) to 0.00 mg/1 (2004) and 
between 3.17 mg/1 (1998) to 0.00 mg/1 (2004) at Nizamuddin Bridge-mid stream and 
Nizamuddin Bridge-QTR stream respectively. In both seasons the DO value has been 
observed many times lower than the standard limit. 
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It is worth mentioning that in the year 2004 the DO level found completely nil from 
the river water. It is due to high BOD load that depletes DO significantly in the river. 
The DO values have been found comparatively better in the monsoon period than the 
non monsoon period. 
BOD: Tables 4.10 & 4.11 and Figs. 4.8 & 4.11 indicate BOD values during monsoon 
period. Tables reveal that BOD value of water ranged between 3.00 mg/1 (1999) to 17 
mg/1 (2004) at Nizamuddin Bridge-mid stream and between 1.66 mg/1 (1997) to 18 
mg/1 (2004) at Nizamuddin Bridge-QTR stream during 1995-2005. The BOD value of 
water in the non monsoon period (Tables 4.12 & 4.13 and Figs. 4.9 & 4.12) varies 
between 8.22 mg/1 (1998) to 27.88 mg/1 (2003) and between 2.55 mg/1 (1999) to 31 
mg/1 (2004) at Nizamuddin Bridge-mid stream and Nizamuddin Bridge-QTR stream 
respectively. In general the BOD values have been found beyond the standard limit in 
both seasons except the year 1997 and 1999 when the values just touched the standard 
limit. Analysis reveals that the BOD level has been showing extreme seasonal 
variation. In the monsoon period the BOD values has been observed comparatively 
lower than the non monsoon period. It is attributed to vanishing of eutrophic condition 
during this season. 
FC: The FC values of river water m monsoon and non monsoon period is shown in 
Tables 4.10-4.13 and Figs. 4.10 & 4.13. The average FC values during monsoon 
period have been recorded at 700309.99/100 ml and 5883027.87/100 ml at 
Nizamuddin Bridge-mid stream and at Nizamuddin Bridge-QTR stream respectively. 
The values for the same locations during the non-monsoon period have been recorded 
at 5145415.94/100 ml and 4534653.2/100 ml. Tables 4.10-13 reveal that FC values 
vary between 1110/100 ml (1998) to 5700000/100 ml (2005) at Nizamuddin Bridge-
mid stream and between 1133.3/100 ml (1998) to 6000000/100 ml (2005) at 
Nizamuddin Bridge-QTR stream in the monsoon period. Whereas in the post-
monsoon period the values recorded at 34038.88/100 ml (1998) and 25600000/100 ml 
(2004) at Nizamuddin Bridge-mid stream and 200125/100 ml (1996) and 
25010333.33/100 ml (2003) at Nizamuddin Bridge-QTR stream. It has been observed 
that the number of FC showed declining trend during monsoon period and it remained 
beyond the prescribed limit in both seasons. It is due to increasing dilution in the river 
during this season. 
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Delhi: Physico-Chemical Characteristics of River Water during 
Monsoon Period at Nizamuddin Bridge Mid Stream 
(1995-2005) 
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Delhi: Physico-Chemical Characteristics of River Water during Non-
Monsoon Period at Nizamuddin Bridge Mid Stream 
(1995-2005) 
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TC: Tables 4.10-4.11 and Fig. 4.10 depict the TC values of river water in monsoon 
period and Table 4.12 & 4.13 and Fig. 4.13 show the TC values of non-monsoon 
period. In the monsoon period the average values recorded at 2207909.06/100 ml and 
2453793.93/100 ml at Nizamuddin Bridge-mid and Quarter stream respectively. It has 
been recorded at 288376671.8/100 ml and 32714745.7/100 ml for the same locations 
in the non monsoon period. It is observed that TC value ranges from 8266/100 ml 
(1998) to 11500000/100 ml (2005) at Nizamuddin Bridge-mid stream and from 
58266.66/100 ml (1997) to 12100000/100 ml (2005) at Nizamuddin Bridge-QTR 
stream in the monsoon period. In the non monsoon period, it ranges between 
128755.55/100 ml (1998) to 135100000/100 ml (2003) at Nizamuddin Bridge-mid 
stream and between 127833.33/100 ml (1998) to 143546666/100 ml (2003) at 
Nizamuddin Bridge-QTR stream in the post-monsoon period. Like FC, the TC value 
has declined considerably during monsoon period but it is found beyond the standard 
limit. It is attributed that increasing dilution in the river during this season reduced the 
number. 
TKN: The TKN content in the water of river Yamuna is shown in Tables 4.10-4.13. 
The average TKN value has been recorded at 9.30 mg/1 and 8.11 mg/1 at Nizamuddin 
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Bridge-mid and Quarter streams respectively during monsoon period (Figs. 4.8 & 4.9) 
whereas for the same location the values recorded at 19.48 mg/1 and 19.43 mg/1 in the 
non monsoon period (Figs. 4.9 & 4.12). The TKN values has been to the level of 
certain variation i.e. 2.14 mg/1 (1995) to 18.32 mg/1 (1999) at Nizamuddin Bridge-mid 
stream and from 2.42 mg/1 (1995) to 18.57 mg/lOOml (1999) at Nizamuddin Bridge-
QTR stream in the monsoon period. It shows the rising trend in the non monsoon 
period where it has been recorded between 6.15 mg/1 (1998) to 33.83 mg/1 (2004) at 
Nizamuddin Bridge-mid stream and from 5.63 mg/1 (1998) to 29.71mg/l (2004) at 
Nizamuddin Bridge QTR stream. 
COD: Tables 4.10-4.11 depict the COD values of river water in monsoon period and 
Table 4.12 & 4.13 show the COD value of non-monsoon period. In the monsoon 
period, the average COD value has been recorded at 28.28 mg/1 and 29.72 mg/1 at 
Nizamuddin Bridge-mid and QTR streams respectively (Figs. 4.8 & 4.11). It has been 
found at 63.26 mg/1 and 59.71 mg/1 for the same location in the non monsoon period 
(Figs. 4.9 & 4.12). The values of COD varies from 16.33 mg/1 (1997) to 51.66 mg/1 
(2002) and from 18.33 mg/1 (1998) to 58.66 mg/1 (2002) at Nizamuddin Bridge-mid 
stream and Nizamuddin Bridge-QTR stream during the monsoon period respectively. 
There was an increase in the level of this parameter in the non monsoon period when 
it was recorded between 37.77 mg/1 (1998) to 86 mg/1 (2004) at Nizamuddin Bridge-
mid stream and between 21.33 mg/1 (2000) to 91.88 (2004) mg/1 at Nizamuddin 
Bridge-QTR stream. 
WT: The temperature of river water is exhibited in Tables 4.10-4.13 which reveal that 
the average water temperature in the monsoon period has been recorded 29.80°C at 
Nizamuddin Bridge-mid stream and 29.90° C at Nizamuddin Bridge-QTR stream that 
reduced to 25.05° C and 25.03°C in the non monsoon period for the same locations. It 
reveals that the temperature ranges from 26° C (2002) to 33° C (2004) and from 26° C 
(2002) to 32.33° C (2001) at Nizamuddin Bridge-mid stream and Nizamuddin Bridge 
QTR stream during monsoon period. It varied between 21.37° C (1995) to 26.50° C 
(2004) at Nizamuddin Bridge-mid stream and between 24.07° C (1995) to 25.77° C 
(2004) at Nizamuddin Bridge-QTR stream in non monsoon period. 
AMM: Tables 4.10-4.13 reveal the values of AMM in the river water of Yamuna in 
the monsoon and non monsoon periods. The average value for Ammonia has recorded 
at 4.00 mg/1 and 4.61 mg/1 at Nizamuddin Bridge-mid and QTR stream respectively in 
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the monsoon period (Figs. 4.8 & 4.11) whereas it has increased from 12.46 mg/1 to 
13.99 mg/1 for the same locations in the non-monsoon period (Figs. 4.9 & 4.12). The 
value subjected to vary during the monsoon season from 0.20 mg/1 (1998) to 11.90 
mg/1 (2002) and from 0.67 mg/1 (1995) to 11.86 mg/1 (2004) at Nizamuddin Bridge-
mid sfream and at Nizamuddin Bridge-QTR sfream respectively. In the non monsoon 
period, the values ranged from 4.02 mg/1 (1998) to 25.69 mg/1 (2004) and from 
3.91mg/l (1998) to 24.56 mg/1 (2004) at Nizamuddin Bridge-mid stream and at 
Nizamuddin Bridge-QTR sfream respectively. 
4.3.3. Lakes and Reservoirs 
Lake and reservoirs are considered as the most productive and biologically 
rich inland surface water eco-systems. As reported by CPCB Delhi has about 14 lakes 
or depressions (Table 4.14 & Fig. 4.14). 
4.3.3.1. Physico-Chemical Characteristic of Water 
The water quality status of lakes/reservoirs in Delhi indicates that most of the 
water bodies are shallow with temperature between 23-35°C. Some water bodies are 
silt laden which normally absorb sunrays and warm up more rapidly than clear water. 
Tihar Jheel and Dawarka Lake are the typical example of such phenomena (Table 
4.15). The pH value in various water bodies ranges between 7.00 to 8.04. 
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Table 4.14. Delhi: Lake/Reservoirs in Delhi and their Existing Use 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Source: C 
Lake/Reservoirs 
Bhalswa lake 
Naini lake 
Jahagirpuri Marsh 
M\mdela Khand 
Mayapuri lake 
Harinagar lake 
Dwarka Depression 
Bagdola Pond 
Sanjay lake 
Seelampur Depression 
Jhilmil colony 
Depression 
Jhilmil coloney lake 
Ducknweed Pond 
Fish Pond 
PCB 2007 
Location 
Bhalswa 
Model Town 
Jahangirpuri 
Mundella Kalan 
Mayapuri 
Hari Nagar 
Papan Kalan 
Bagdola Papankan 
Trilokpuri 
Seelampur 
Jhilmil coloney 
Barapulia 
Wazirabad 
Wazirabad 
Existing uses 
Tourism 
Tourism, wild life, fishing 
Dumping of waste and 
construction material 
Cattle wading and waste water 
discharge 
Dxunping of solid waste 
Tourism, fishing 
Automobile waste discharge 
Tourism, fishing 
Tourism, wildlife and fishing 
Waste water discharge fi-om 
adjoining colonies 
Cattle wading and open 
defecation 
Waste water discharge and open 
defecation 
Duckweed culture fish culture 
Fish culture 
The high value of conductivity (Table 4.15 & Fig. 4.15) has been observed in 
Bhalsawa lake (6160 mmhos/cm )^ followed by Mimdella khurd (3600 mmhos/cm^), 
Jhilmil colony (3020 mmhos/cm^), Naini lake (2900 mmhos/cm^), Mayapuri lake 
(2130 mmhos/cm^), Duck weed pond (1300 mmhos/cm^), Fish pond (1030 
mmhos/cm )^ and Sanjay lake (1150 mmhos/cm^). It is due to high levels of dissolved 
solids. Maximum concentration of total dissolved solids (4000 mg/1) leading to very 
high conductivity (6160 mmhos/cm )^ of water as it is observed in the case of Bhalswa 
lake. 
The highest fixed dissolved solid (3800 mg/1) has been observed in Bhalswa 
Lake followed by Jhilmil Colony Lake (1000 mg/1), Naini Lake (800 mg/1), Mundella 
Khurd (750 mg/1), Sanjay Lake (500 mg/1) and Mayapuri Lake (300 mg/1).) 
The total alkalinity (Table 4.15 & Fig. 4.16) got the highest value in Mundella 
khurd (500 mg/1) followed by Naini lake (250 mg/1), Sanjay lake (200 mg/l), Jhilmil 
colony lake (200 mg/1), Bhalswa lake (200 mg/1), Duckweed pond (150 mg/1) and 
Fish Pond (100 mg/1. 
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As far as the level of phosphate is concerned, Jhilmil Colony Lake got the 
highest value (11.55 mg/1) followed by Mundella Khurd (Umg/l), Duckweed pond 
(3.52 mg/1), Sanjay lake (3.08 mg/1), Fish pond (2.64 mg/1), Bhalswa lake (1.76 mg/1) 
and Naini lake (0.22 mg/1). 
Concerning the BOD level, the highest value has been observed in Jhilmil 
colony lake (195 mg/1) followed by Mundella khurd (70 mg/1), Mayapuri lake (55 
mg/1), Bagdola pond (50 mg/1), Dwarka depression (45 mg/1). Duckweed pond (27 
mg/1), Sanjay lake (17 mg/1). Fish pond (15 mg/1), Naini lake (12 mg/1) and Bhalswa 
lake (8 mg/1). 
High level of COD has been observed in all lakes. Jhilmil colony lake got the 
highest value of 325 mg/1 followed by Duckweed pond (245 mg/1), Bagdola pond 
(170 mg/1), Mundella khurd (160 mg/1). Fish pond (150 mg/1), Mayapuri lake (135 
mg/1), Sanjay lake (120 mg/1), Dwarka depression (105 mg/1), Bhalsawa lake (92 
mg/1) and Naini lake (80 mg/1). 
The highest total hardness has been observed in Sanjay lake (1185.25 mg/1) 
followed by Mundella Khurd (857.14 mg/1), Mayapuri lake (457.14 mg/1), Bhalsawa 
lake (428.50 mg/1), Duckweed pond (357.13 mg/1), Jhimil colony lake (285.71 mg/1), 
Fish pond (285.71 mg/1) and Naini lake (228.57 mgA). 
In the case of calcium, the highest value is observed in Sanjay lake (229mg/l) 
followed by Mundella khurd (200mg/l), Mayapuri lake (128.56mg/l), Jhilmil colony 
lake (114.28mg/l), Bhalswa lake (99.79mg/l) and Fish pond (89.98mg/l). 
Similarly, the highest content of magnesium has been observed in Sanjay lake 
(142.85mg/l) followed by Mundella khurd (125.85mg/l), Mayapuri lake (62.50mg/l), 
Duckweed pond (49.71mg/l), Fish pond (38.59mg/l), Naini lake (37.50mg/l) and 
jhilmil colony lake (28.57mg/l). 
In the case of TKN (Table 4.15 and Fig. 4.17), Jhilmil colony lake got the 
highest per cent 50 mg/1 followed by 38.58 mg/1 (Sanjay lake), 25.94 mg/1 (Mayapuri 
lake), 22.64 mg/1 (Mundella khurd), 18.58 mg/1 (Bhalswa lake), 8 mg/1 (Duckweed 
pond), 6.6 mg/1 (Fish pond), 5.61mg/l (Bagdola pond), 4.95 mg/1 (Naini lake) and 
3.63 mg/1 (Dwarka depression). 
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Delhi: Critical Water Quality Parameters in Various Lakes and 
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Table 4.16 indicates the trace metals in lakes and water reservoirs. It depicts 
that the trace metal contamination especially iron level is maximum at Jhilmil colony 
lake followed by Mundella khurd (15.38mg/l), Dwarka lake (3.36mg/l), Bhalsawa 
lake (0.75mg/l), Naini lake (0.70mg/l), Sanjay lake (0.58mg/l), Bagdola pond 
(0.46mg/l), Duckweed pond (0.39mg/l) and Mayapuri lake (0.28mg/l).It is mainly due 
the discharge of surface run off from adjoining industrial areas^". 
Table 4.17 reveals the presence of pesticides in lakes and water reservoirs. 
Among pesticides, the concentration of Total BHC has been foimd to be maximum in 
fish pond (17.94 nanogram/l), Aldrin at Jhilmil colony lake (57.59 nanogram/1), Total 
Endosulfan at Sanjay Lake (40.78 nanogram/1), Diedrin at Mundella Khand (4.28 
nanogram/1) and DDT at Bagdola pond (33.07 nanogram/1). The presence of total 
BHC has been observed in most of the water bodies probably due to extensive use of 
pesticide for mosquito control in the surrounding areas^^ All these pollutants lead to 
the foaming in the water bodies. 
The level of all parameters in the lake has been found to be quite elevated and 
24. Annual Report (2001-2002), CPCB, MoEF, New Delhi, p.33-37. 
25. Annual Report (2001-2002), op.cit. 
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Table 4.16. Delhi: Trace Metals in 
S. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Lake/Reservoirs 
Sanjay lake 
Naini lake 
Jhilmil colony 
lake 
Bhalsawa lake 
Mayapuri lake 
Mundella Khurd 
Dwarka lake 
Bagdola Pond 
Duckwud pond 
Water of Lake/Reservoirs (2001) 
Trace of Metals mg/1 
Cadmium 
NT 
NT 
9? 
9^ 
9» 
»» 
^ 1 
5» 
95 
Chromium 
0.02 
NT 
0.19 
NT 
0.01 
0.07 
NT 
0.02 
ttT 
Copper 
NT 
NT 
1.42 
NT 
0.01 
0.07 
0.01 
NT 
5 ^ 
Iron 
0.58 
0.70 
21.38 
0.75 
0.28 
15.38 
3.36 
0.48 
0.39 
Nickle 
NT 
0.20 
0.17 
0.04 
NT 
0.32 
NT 
55 
5 1 
Lead 
NT 
NT 
Zinc 
0.06 
NT 
0.79 
NT 
?> 
9 1 
Ji 
Jt 
0.03 
Source: CPCB 2007 
NT: Not Traceable 
Table 4.17. Delhi: Pesticide Residue in Water of lakes/Reservoirs (2001) 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Source: ( 
NT: Not 
Lakes/Reservoirs 
Sanjay lake 
Naini lake 
Jhilmil Coloney 
lake 
Bhalswa lake 
Mayapuri lake 
Mimdella Khurd 
Dwarka 
Dapression 
Badola Pond 
Duckwud pond 
Fish pond 
: P C B 2007 
traceable 
Pesticides residue concentration, nanogram/l 
Total 
B H C 
26.16 
17.96 
28.57 
NT 
NT 
NT 
46.66 
19.73 
23.04 
17.94 
Aldrin 
NT 
NT 
NT 
57.59 
NT 
95 
59 
95 
59 
99 
Endosulfan 
40.78 
NT 
59 
55 
99 
99 
59 
99 
99 
95 
Diedrin 
1.63 
NT 
55 
99 
55 
4.28 
99 
NT 
99 
99 
DDT 
NT 
59 
99 
99 
99 
9 5 
99 
99 
33.01 
NT 
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beyond the permissible limit. It is mainly attributed to discharge of domestic, 
industrial and agricultural wastes, open defecation, cattle wading and tourism etc. 
4.4. Ground Water Pollution 
Groundwater is the moisture that exists in the pore space of soil and in cavities 
and fissures of rocks. Urban areas affect the behaviour and characteristics of ground 
water. They are generally believed to reduce recharge of sub-soil reserves due to high 
proportion of impermeable surfaces. Consequently, in many areas, there are cases in 
where local aquifers are not able to meet the quantity and quality of water needed for 
the burgeoning population (Fig. 4.18). Delhi's sub-soil aqua reserves have a problem 
of excessive contents of chemicals, metals and salts etc . It has been observed that a 
large part of Delhi's ground water is facing the problem of excessive nitrate content. 
In areas like Indian Institute of Technology and National Council of Educational 
Research and Training Campus, Naraina and parts of Shahdara, nitrate content is 
more than the permitted limit i.e. 10 mg/1. Other parts of Delhi like Najafgarh and 
Kajhawala have more than the permitted limit of 1.55 mg/1 of fluoride. Salinity in 
water is a problem in large parts of Delhi whereas some parts have heavy metals and 
fertiUzer content. The quality of ground water is alkaline with pH ranging from 7.1 to 
9.2 and average chloride content of 250 ppm (parts per million) especially in 
Najafgarh area where it is around 1000 ppm rendering the water saline. High nitrate 
and fluoride concentration, high metallic content, particularly manganese and iron 
have also been observed. The manganese content was found to be 0.1 mg/I against the 
permissible limit of 0.5 mg/1 and iron concentration of 4.05 mg/1 to 0.337 mg/1 have 
been found. Residues of pesticides were detected near agricultural areas like Alipur, 
Najafgarh, Kajhawala, and Mehrauli. On an average, the ground water of Delhi is 
characterized by excessive salinity, nitrate, and fluoride content. Traces of hard metal 
and other contaminants have been also observed ^^ . 
It has been found that the state of ground water in Delhi is mainly being 
poisoned with the release of pesticides, toxic chemicals and salts of heavy metals 
from three landfills namely Ghazipur, Okhla, and Bhalswa and from leaking septic 
tanks^^(Table4.18). 
26. Delhi Environmental Status Report, Dept. of Environment, Govt, of NCT, Delhi, 2000, 
p. 209-210. 
27. Economic Survey of Delhi 2006-2007, GNCT of Delhi, Delhi, p.l65. 
28. Bansal, P.C, 2004, op. ciL, p. 243. 
IfiQ 
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Source: CGWB and CPCB 2002 
Fig. 4.18 
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These landfills receive over 75 per cent of the nearly 6000 metric tones of untreated 
solid waste collected every day, of which 60 per cent is non-biodegradable. Due to 
regular seepage from these sites, in certain areas high traces of fluorides and nitrates 
have been reported which are well above the World Health Organization Limits^^. 
Whenever it rains, soluble toxic elements like fluorides, zinc, copper sulphates, lead 
and pesticides seep down to the water strata from the landfills. Table 4.18 indicates 
the ground water quality around the land fill sites. It depicts that the pH level has been 
well within the prescribed limits but the TDS, sulphate and nitrates surpasse the limit. 
Table 4.18 is also indicating towards the presence of considerable amount of Cr, Mn 
and Fe in the ground water. 
Table 4.18. Delhi: Ground Water Qua 
Sample 
No. 
GDI 
GD2 
ODl 
OD2 
BDl 
BD 2 
pH 
7.35 
7.95 
7.68 
7.67 
6.81 
7.56 
TDS 
578 
950 
632 
802 
731 
696 
Sulphate 
33.6 
11.40 
36.4 
26 
41.70 
47 
Nitrate 
19 
43 
28 
35 
24 
22 
lity Assessment around Landfill Sites 
Cd 
BDL 
" 
(( 
fcfc 
i t 
« 
Cr 
0.005 
0.983 
BDL 
ii 
a 
" 
Mn 
BDL 
" 
( t 
0.11 
0.11 
0.48 
Zn 
BDL 
0.959 
BDL 
" 
4 t 
" 
Fe 
9.80 
2.90 
0.51 
BDL 
57.75 
61.83 
Ni 
BDL 
Pb 
BDL 
(C 
" 
i ( 
t ( 
" 
Source: CPCB 
Legend 
GD-Gazipur dumping sit 
BD-Bhalswa dumping site 
TDS- Total Dissolved Solid 
Cr- Chromium 
Zn- Zinc 
Ni-Nickle 
All parameter except pH are expressed in mg/1 
OD-Okhla dumping site 
BDL-Below detectable limit 
Cd- Cadmium 
Mn- Manganese 
Fe- Ferrous 
Pb- Lead 
29. Assessment of Status of Municipal Solid Waste Management in Metro cities and 
State Capitals, Control of Urban Pollution, CUPS/65/2006-2007, p. 23. 
171 
From the above discussion it is amply clear that water pollution is one of the 
most important environmental problems in Delhi. It has been observed that urban 
activities have profoundly affected the surface and ground water flow and quality that 
has led to a spiral of environmental decline. Concerning the water quality of river 
Yamuna, it has found in extremely deteriorated condition and not suitable for any 
designated use. In the case of lakes and reservoirs, the disposal of domestic and 
industrial waste has been found the major source of pollution and makes the water a 
poor habitat for fish and other aquatic life. As far as the ground water pollution is 
concerned, the over exploitation of existing resource accompanied with release of 
pesticides, toxic chemicals and heavy metals fi-om agriculture, industry and sanitary 
landfill sites has been foimd to be responsible. Thus the hypotheses first and second 
that associate urban activities and urban population with environmental pollution are 
accepted in this chapter. 
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!Nbise (Poffutiow A Spatio-TemporaC 
JinaCysis 
Like the other environmental problems, noise pollution is one of the most 
important environmental issues confronting Delhi. It refers to any sound that is 
undesirable and interferes with speech, hearing, work, rest, recreation, sleep or is 
otherwise annoying'. The intensity of pollution does not only depend on the 
undesirable level and its type but also on the nature of locality, frequency of 
occurrence, extent of harm, sensitivity and the time noise is made. Unlike other forms 
of pollution, such as air, water and solid waste, noise does not remain long in the 
environment. However, while its effects are immediate in terms of aimoyance, they 
are cumulative in terms of temporary or permanent hearing loss. 
Society has attempted to regulate noise since the early days of the Romans, 
who by decree prohibited the movement of chariots in the streets at night^ . In the 
United States, communities since colonial days have enacted ordinances against 
excessive noise, primarily in response to complaints from residents. It was not until 
the late 1960s, however, that the federal government officially recognized noise as a 
pollutant and began to support noise research and regulation .^ The movement against 
noise pollution is weak in India. Most of the people do not consider it as pollution and 
take it as a part of routine life. Of late in India, it has been recognized as a pollutant 
and the Noise Pollution (Regulation and Control) Rules 2000 have been framed under 
the Environment (Protection) Act 1986. 
The increasing level of noise pollution in urban areas can be viewed as an 
outcome of increasing population, industrial & commercial activities, transportation 
& communication systems and changing life style of the people"*' .^ Poor urban 
planning may also give rise to noise pollution, since side-by-side industrial and 
residential buildings can result in noise pollution in the residential area. Other sources 
are office equipment, factory machinery, construction work, appliances, power tools, 
lighting hum and audio entertainment systems. 
Noise is becoming an increasingly onmipresent form of pollution which has 
become a threat to quality of human life. It is reported that noise level in metropolitan 
1. Agarwal, S.K., Noise Pollution, APH, Publishing Corp., New Delhi., 2005, p.l. 
2. http://www.vehiclenoise.co.uk. 
3. http://www.wikipedia.org. 
4. C. Michael Hogan and Gary L. Latshaw, The Relationship between Highway Planning and 
Urban Noise, Proceedings of the ASCE, Urban Transportation Division specialty conference, 
Chicago, Illinois, May 21 -23, 1973. 
5. Senate Public Works Committee, Noise Pollution and Abatement Act of 1972, S. Rep. No. 
1160, 92nd Cong. 2nd session. 
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cities exceeds specified standard limits. It has been observed that the noise level at 
most of the places in Delhi exceeds the permissible limits. The major source of noise 
pollution are road traffic, blurring of radios and television, audio and video records, 
railways, air craft and construction works etc. Further, the practice of marriage 
procession, use of loudspeakers on various occasions, use of firecrackers on various 
festivals like Deepawali, increase in secondary and tertiary activities and increase in 
industrialization are responsible for increment of noise pollution*. The voliime and 
intensity of each of the above activities is increasing day by day and thereby affecting 
both mental and physical health of the people. 
A number of recent studies have tried to investigate noise pollution in Delhi. A 
study by Singh and Mahajan (1990)^ conducted in Delhi and Calcutta, found that the 
noise level of 95 dB is very common in these cities. Even at the calm places it does 
not fall below 60 dB. Nirjar et al (2003)^  studied transport related noise pollution in 
Delhi and tried to establish positive relationship between increase in road traffic and 
level of pollution. They used three different models for noise prediction namely, 
FHWA Model, CORTN Model and Stop- and - Go Model to predict the noise level 
for an urban area. Singh and Davar (2004)^  studied the noise pollution level in Delhi 
and analyzed its ill effect on the life of the people. They found loudspeakers and 
automobiles as the main sources of pollution and also identified the major health 
problems associated with noise pollution. Lai et al (2006)'" studied the increasing 
level of noise pollution in Delhi based on field survey they selected 150 subjects fi-om 
each of the five zones namely East, West, South, North and Central concluded that 
traffic, loudspeakers, generators and factories act as main sources of noise pollution 
and are responsible for sleep distiirbance and physical and mental tension. 
In the present chapter, an attempt has been made to find out the major sources of 
noise pollution and spatio-temporal variation in the level of pollution in different parts 
6. Birgitta, B., and Lindvall, H., A Draft Document of Convmunity Noise, Environmental 
Health Criteria 12, World Health Organization, Geneva, 1995. 
7. Singh, D.P., and Mahajan, CM., Noise Pollution: its effect and control, in Nagi, G.K., Dhillon, 
M.K. and Dhaliwal, G.S. (Ed.), Noise Pollution, Commonwealth Publ., New Delhi, 1990, p. 22 
8. Nirjar, R.S., "A Study of Transport related Noise Pollution m Delhi", IE (I) Joumal-EN, Vol. 
84,2003, p. 6-15. 
9. Singh, N., and Davar, S.C, "Noise Pollution- Source, Effect and Control", Journal of Human 
Ecology, 16 (3), 2004, p. 181-187. 
10. Lai, P. et al "An Aprehension from Residents in Delhi: Increasing Levels of Noise Pollution", 
Population-ENVIS Centre UPS, Mumbai, Vol. 3, No. 1, March 2006. 
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of Delhi. For the analysis data have been obtained from CPCB, analyzed by 
calculating growth rate and per cent of violation of standard limit and portrayed in 
graphs and diagrams. 
5.1. Sources of Pollution 
There are varieties of sources of noise that cumulatively cause noise pollution 
in Delhi. Though they seem to be infinite, the following few are very common. 
5.1.1. Traffic Noise 
Due to rapid increase in the number of vehicles, the use of pressure horn has 
increased tremendously. As a result, the traffic noise has become the predominant 
source of annoyance"' '^ . There are large numbers of vehicles that have been running 
without silencer or with silencers modified in an illegal way to increase the power of 
the engine resulting in higher noises. In addition, there are large number of diesel 
driven vehicles that generally operate at considerably high peak combustion pressure 
resulting in higher rate of pressure rise and thus result in greater noise and vibration. 
Besides, the use of aircrafts of many types has been generating noise of varying 
magnitude. 
5.1.2. Industrial Noise: Next to vehicles, industries are the second most important 
source of noise pollution in Delhi. It has been observed that various industrial 
processes such as drilling, grinding, riveting, hammering, forging, compressing, 
vaccumising, pumping etc. create the most serious of all large scale noise problems in 
the surroimding areas. 
5.1.3. Community Noise: It is one of the important sources of noise. Use of amplifier 
and loudspeakers in various community activities like religious festivals, fairs, 
marriage or public functions are potential sources of noise pollution in Delhi. 
5.1.4. Miscellaneous: It refers to demolition activities, construction of new buildings, 
bridges, flyovers, roads, railways and shopping centres that create lot of noise. Last 
but not the least use of firecrackers on various festivals is also considered one of the 
most potential causes of noise pollution. 
5.2. Variation in Pollution Concentration 
5.2.1. Temporal Variation in the Level of Pollution 
In order to analyze the temporal variation in the level of pollution, the noise 
11. A Report on Ambient Noise Level and Air Pollution during Deepawali Festivals in Delhi 
CUPS/ 47/99-2000, CPCB, MoEF, p. 1-7. 
12. CSE Draft Dossier: Health and Environment, Environment and Disease, Noise Pollution: 
Deafening Decibels, p. 13. 
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level monitoring is conducted at different places (Fig. 5.1) for short duration (18.00 
hrs-24.00 hrs). In general, it has been observed that the level of pollution has been 
rapidly increasing with the passage of time. Table 5.1 indicates that the noise level at 
A.I.I.M.S intersection lies in between 53.5 dB to 75 dB in the year 1997 and in the 
year 1999 respectively. The highest level of noise i.e. 75 dB has recorded for the years 
1996 and 1999 that reached to 60 dB for the years 2003, 2004 and 2005. It has also 
been deduced from the Table 5.1 that at the A.I.I.M.S intersection, the levels of noise 
has been well above the specified standard limit set by CPCB. It is attributed to high 
traffic density. During the day time all types of vehicles contribute to noise pollution, 
while in the night time movement of trucks add to the noise pollution. Besides, 
vendors along the foot path also create noise pollution in this area. 
Similar situation has been found in different residential areas i.e. Lajpat Nagar, 
New Friends colony and East Arjun Nagar. In Lajpat Nagar, the level of noise has 
been recorded between 55.5 dB to 66 dB during 1994-2004 which decreased to 62 dB 
in the year 2005. On the confrary, in New Friends colony the level of pollution has 
increased from 52.9 dB to 64 dB between the years 1994-2005. Whereas, in East 
Arjun Nagar, the level of pollution has increased from 54.0 dB to 71 dB during 1994 
to 2004 and thereafter it has decreased to 66 dB. The analysis reveals that these areas 
have been ignoring and experiencing the noise level beyond the prescribed limit 
throughout the observational period. The major sources of noise pollution in 
residential areas are vehicles especially two, three and four wheelers plying in 
encompassing areas, power generators and construction activities etc. 
The level of noise pollution has been found comparatively better at Connaught 
Place where it has recorded very close to the standard limit except in the year 1996 
(77.9 dB), 1998 (70 dB), 1999 (71.5 dB) and 2003 (70 dB). The levels of noise 
pollution have been observed to be grim at India Gate, Mayur Vihar, Raja Garden and 
Pitam Pura where the pollution level has been found many fold above the standard 
limits. At India Gate, it has increased from 62.9 dB to 65 dB between the years 1994 
to 2005. In Mayur Vihar, the level of pollution has recorded sharp increases from 58.2 
dB to 71 dB during the same period. In Raja Garden and Pitam Pura, the pollution 
level has recorded between 52 dB to 75 dB and 59 dB to 74 dB during the aforesaid 
period respectively. The pollution levels has recorded between 52-65 dB, 69-62 dB 
and 56-60 dB during 2004-2005 at Model Town, Kamla Nagar and Dilshad Garden 
respectively. The level of pollution in these areas has found beyond the standard limit 
as prescribed by CPCB. 
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Similar situation has been found at I.T.O. and Patpargunj where the pollution level 
has observed well above the standard limit. At I.T.O., the pollution level lies in 
between 72-74 dB during 2004-2005 whereas at Patpargunj, the level of pollution 
accounts 70 dB in 2005. 
5.2.2. Spatial Variation in the Level of Pollution 
The noise level in different parts of Delhi shows distinctive spatial variation 
due to variations in land use pattern. In order to analyze the spatial variation in the 
level of pollution, various places in Delhi are categorized into residential, commercial, 
industrial and silence zones depending upon the activities of the places (Fig. 5.2). 
Tables 5.3 & 5.4 and Figs. 5.3 & 5.4 indicate day and night average ambient noise 
level at different locations. 
Among residential areas, Ashok Vihar and Friends colony have been selected 
for the analysis of pollution level. Tables 5.3 & 5.4 and Figs. 5.3 & 5.4 reveal that in 
Ashok Vihar the noise levels in the years 1995 &1999 vary in between 54.5 -71.5 dB 
in day time and between 66- 64 dB in night time against the standard limits of 55 dB 
& 45 dB respectively. Tables 5.3 & 5.4 indicate 31.19 per cent growth rate in day 
time and -3 per cent growth rate in night time during the same period of the study. 
As far as the violation of standard limit that prescribed by the noise pollution 
(Regulation and Control) rules, 2000, vmder the environment (Protection) Act, 1986 
is concerned (Table 5.2), the day time violation has recorded at -0.9 per cent in 1995 
which has increased 30 per cent in 1999 (Table 5.3). While at the night time the 
violation of standard limits has been observed at 46.6 per cent in 1995 that has 
reduced to 42.2 per cent in 1999 (Table 5.4). 
In Friends colony, the level of pollution is found to varies between 57.5- 60 
dB in day time and between 54-53 dB at night time in the years 1995 and 1999 
respectively. It has recorded a comparatively slow growth rate during the day time i.e. 
4.34 per cent and negative growth rate (-1.80 per cent) during the night time over the 
same period. The day time violation of standard limit in these years has been recorded 
at 4.5 per cent (1995) and 9.0 per cent (1999). As far as night time violation is 
concerned, it is found at 20 per cent in 1995 and 17.70 per cent in 1999 (Tables 5.3 & 
5.4). It has been observed that the percentage of violence in the night time is 
considerably high as compared to day time with respect to standard limits in both the 
years. The major sources of noise in residential areas are two, three and four 
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Table 5.2. Delhi: Indian Ambient Air Quality Standards in Respect of Noise 
Area Code 
A 
B 
C 
D 
Category of Area 
Industrial Area 
Commercial Area 
Residential Area 
Silence Zone 
Limits in dB (A) Leq 
Day Time 
75 
65 
55 
50 
Night Time 
70 
55 
45 
40 
Source: CPCB 
Note: Day Time shall mean from 6.00 am to 10.00 pm. 
Night Time shall mean from 10.00pm to 6.00 am 
wheelers, the hawkers and rickshaw-pullers that ply in the encompassing areas'^. The 
sound of radios, television and video cassettes that play in high volumes round the 
clock create chaotic noises. The running of household industries is also potential 
source of pollution. Besides, the practice of holding night 'Jagratas' i.e. a socio-
religious function held through out the night, has become a common phenomena that 
also creates a lot of pollution . 
Among commercial places i.e. Connaught Place and Karol Bagh have been 
selected for the analysis of pollution in the years 1995 and 1999. Tables 5.3 & 5.4 and 
Figs. 5.3 & 5.4 show that the average level of noise at Connaught Place lies in 
between 70-75.5 dB in the day time and between 68-75.5 dB in the night time in the 
years 1995 and 1999. The noise level is found to exceeds the prescribed standard limit 
both in day and night. The average growth rate is recorded at 7.85 per cent during the 
day time and 3.67 per cent during the night time. In Karol Bagh the average level of 
noise has observed at 72.5 dB and 74 dB during day time and 66.5 dB and 66 dB 
during night time against the standard limit (65 dB and 55dB) for the years of 1995 & 
1999 respectively. The average growth rate monitor is 2.07 per cent in day time and 
0.75 per cent in night time. 
The percentages of violation with respect to standard limit at Connaught Place 
has increased from 7.7 per cent to 16.15 per cent in day time, from 23.6 per cent to 
28.18 per cent in night time for the year 1995 to 1999 whereas in Karol Bagh, it 
increased from 11.5 per cent to 16.15 per cent in day time and decreased slightly from 
13. Ambient Noise Level Status in Delhi during 1995-1999, CUPS/51/2000.2001, CPCB p 13-23 
p^tJ',^™"™^"'^^ ^^'^ R^P°«' Dept. of Environn^ent, Govt, of NCI, New Delhi', 20^0, 
Table 5.3. Delhi: Average Day Time Ambient Noise Level dB (A) at Different 
Locations in 1995 & 99 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Monitoring Sites 
Ashok Vihar 
Friends Colony 
Connaught Place 
Karol Bagh 
Anand Parvat 
Wazirpur 
L.N.J.P. hospital 
Molchand K.L. 
hospital 
Day 
Time 
54.5 
57.5 
70.0 
72.5 
73.5 
74.0 
70.0 
64.0 
%of 
Violation 
-0.9 
4.5 
7.7 
11.5 
-2.0 
-1.3 
40.0 
28.0 
Day 
Time 
71.5 
60.0 
75.5 
74.0 
74.0 
79.5 
65.5 
63.5 
%of 
Violation 
30.00 
9.00 
16.15 
13.84 
-1.30 
6.00 
31.00 
27.00 
Growth 
rate % 
31.19 
4.34 
7.85 
2.06 
0.68 
7.43 
-6.4 
-0.78 
Source: Calculated from data collected from CPCB. 
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20.9 per cent to 20 per cent in night time in respective years (Tables 5.3 & 5.4). 
The commercial activities and vehicular growth especially two, three, four 
wheelers and buses in-encircling area contribute to noise pollution. Besides, footpath 
vendors and use of generator sets are the other major and regular source of the noise 
pollution at these places. 
In industrial areas i.e. Anand Parvat and Wazirpur have been selected for the 
analysis of noise pollution. In Anand Parvat the growth of pollution level has been 
observed at 0.68 per cent in day time and -7.69 in night time for the years 1995 and 
1999. The average day time noise level has been recorded at 73.5 dB in 1995 and 74 
dB in 1999 whereas the night time noise level is found to decrease from 71.5 dB to 66 
dB during the same period (Figs. 5.3 & 5.4). In Wazirpur industrial area, the day time 
ambient noise level has increased from 74 dB to 79.5 dB with the growth rate of 7.43 
per cent whereas the night time noise level has enhanced from 73-77 dB with the 
growth rate of 5.45 per cent during years 1995 & 1999 (Tables 5.2 & 5.3). The 
observed noise level is below the standard limit i.e. 75 dB during the day time in both 
areas except for the year 1999 when Wazirpur surpassed the limit by 6 per cent. As 
far as the percentage of violence of standard limit in night time is concerned, it has 
been observed above the limit. 
The major sources contributing to noise level in these areas are the industrial 
activities, comprising of industrial power rolling, blowing, grinding, cutting and 
drilling machines; improper handling of sheet metal goods, industrial power 
machines, and heavy generators. The noise contribution from vehicles in this area is 
considerably low'^. 
In the sensitive areas, L.N.J.P. hospital and Molchand K.L. hospital have been 
selected for the analysis. These areas have recoded negative growth rate i.e. -6.4 per 
cent (L.N.J.P.) and -0.78 per cent (Molchand K.L.) in day time and -14.08 per cent 
(L.N.J.P.) and -1.6 per cent (Molchand K.L.) in night time during 1995-1999 
respectively (Tables 5.2 & 5.3). In L.N.J.P. hospital, die level of noise pollution in 
day time recorded at 70 dB in 1995 which has decreased to 65.5 dB in 1999 with the 
percentage of violation of 40 per cent and 30 per cent respectively. The night time 
pollution level has observed 71 dB in 1995 and 61 dB in 1999 recording 40 per cent 
and 31 per cent growth rates respectively. 
15. Ambient Noise Level Status in Delhi during 1995-1999, op.cit., p.20-21. 
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Table 5.4. Delhi: Average Night time Ambient Noise Level dB (A) at 
Different Locations in 1995 & 99 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Monitoring 
Sites 
Ashok Vihar 
Friends Colony 
Connaught Place 
Karol Bagh 
Anand Parvat 
Wazirpur 
L.N.J.P. hospital 
Molchand K.L. 
hospital 
Night 
Time 
66.0 
54.0 
68.0 
66.5 
71.5 
73.0 
71.0 
62.0 
%of 
Violation 
46.6 
20.0 
23.6 
20.9 
2.1 
4.2 
77.5 
55.0 
Night 
Time 
64.0 
53.0 
70.5 
66.0 
66.0 
77.0 
61.0 
61.0 
%of 
Violation 
42.20 
17.70 
28.18 
20.00 
-5.70 
9.09 
52.50 
52.50 
Growth 
rate % 
-3.00 
-1.80 
3.67 
0.75 
-7.69 
5.45 
-14.08 
-1.6 
Source: Calculated from data collected from CPCB 
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In Molchand K.L. hospital area the level of noise pollution during day time 
has been found to be 64 dB in 1995 and 63.5 dB in 1999 with the percentage of 
violation being 28 and 26 respectively (Table 5.3). During night time the level of 
pollution has decreased from 62-61 dB with the violation of 55 per cent and 52.5 per 
cent for the same period (Table 5.4). Although these areas have been showing 
negative growth, yet they are found to surpass the standard limits of 50 dB and 40 dB 
for day time and night time respectively. 
5.2.3. Diurnal Variation in the Level of Pollution 
In order to measure the diurnal variations in the level of pollution in Delhi, 
monitoring has been carried out in or close to the residential areas adjacent to the 
major roads in 2005 & 2006 (Fig. 5.5). The monitoring results (Tables 5.5 & 5.6 and 
Figs. 5.6 & 5.7) indicate that the ambient noise level for day as well as night time, at 
all the eight locations, are higher than the prescribed standard limits. In Gokulpuri, the 
ambient noise level during day time has been recorded at 67.1dB in 2005 which 
increased to 69.5dB in 2006 with the growth rate of 3.57 per cent. The per cent of 
violation of standard limit has increased from 22 per cent to 26.18 per cent during the 
same period. In the night time, the level of pollution has been recorded at 66.9 dB and 
68.4 dB in the year 2005 and 2006 indicating a growth rate of 2.24 per cent. During 
night time the per cent violation of standard limits has recorded at 48.6 per cent and 
52 for the years 2005 and 2006 respectively. 
At the I.P. Extension, the day time ambient noise levels have been recorded at 
62.2 dB (2005) and 69.4 dB (2006) showing a growth rate of 11.57 per cent during 
2005-2006. The percentage of violation of standard limits has been found to be 13.09 
and 26.18 for the years 2005 and 2006. During night time the ambient noise level has 
observed 62.7dB for the year 2005 that has decreased to 60.0 dB in 2006 showing a 
negative growth rate of-3.10 per cent (Tables 5.5 & 5.6). The per cent of violation of 
standard limit has also decreased from 39.3 to 34.7 during the same period. 
In Nauriji Nagar for the years 2005 and 2006, the ambient day time noise 
levels has been observed at 64.4 dB and 68.3 dB recording 6.05 per cent growth rate. 
In the night ambient noise levels have observed at 63.2 dB and 67 dB for the same 
period showing 6.01 per cent growth rate (Figs. 5.6 & 5.7). The percentage of 
violation of standard limit for the day time has reduced from 26.18 per cent to 24.18 
per cent whereas for the night time it has increased from 40.4 per cent to 48.9 per cent 
for the year 2005 and 2006 (Tables 5.5 & 5.6). 
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At Ashram Chowk, the ambient day and night time noise levels appear to be 
almost constant. It has been recorded at 69 dB and 69.2 dB for the years 2005 and 
2006. In the night time it has been observed 69.1 dB for both the years 2005 and 2006 
showing a zero growth rate. Tables 5.5 & 5.6 indicate that the percentage of violation 
of standard limit during day time is found to be 25.45 and 25.80 for the years 2005 
and 2006 whereas at night time it is recorded at 53.6 per cent respectively. 
In Shankar Vihar die ambient noise level for the year 2005 has been recorded 
at 66.2 dB in the day time and 68.3 dB during night time (Fig. 5.6). The violation of 
standard limit recorded is 20.36 per cent and 51.8 per cent for the day and night times 
respectively. 
In Shalimar Bagh the ambient noise levels in the day and night time are almost 
constant. During the day it has been observed 70.1 dB and 71.9 dB for the years 2005 
and 2006 recording a growth rate of 2.56 per cent, hi the night time, the pollution 
level has recorded at 69.4 dB and 70.7 dB for the same period. The percentage of 
violation of standard limit has recorded at 27.27 (2005) and 30.72 (2006) during day 
time whereas at night time it indicated high per cent of violation as it has been 
recorded at 54.2 per cent and 57 per cent in the years 2005 and 2006 (Tables 5.5 & 
5.6). 
In Paschim Vihar the day time ambient noise levels recorded are 67.1 dB and 
66.9 dB for the year 2005 and 2006, showing a negative growth rate of -0.2 per cent 
(Fig. 5.3). At night time a negative growth rate of -0.15 per cent has observed as the 
noise reduced from 63 dB to 62.9 dB for the years 2005 and 2006 (Fig.5.6 & 5.7). The 
per cent of violation during the day time has also decreased from 22 to 21.63 in the 
day time whereas in the night time it has declined from 40 per cent to 39.8 per cent in 
the year 2005 and 2006 (Tables 5.5 & 5.6). 
Similarly, at Mandir Marg the ambient noise level recorded a negative growth 
rate during day as well at night time. It has been recorded at 69.7dB and 63.9 dB for 
the day time with the per cent of violation 26.72 and 16.00 per cent violation in the 
year 2005 and 2006. In the night time it has reduced from 63.2 dB to 57 dB for the 
year 2005 and 2006 (Figs.5.6 & 5.7). The per cent of violation of standard limit 
decreased from 40.4 to 26.7 for the years 2005 and 2006. 
In Saket the ambient noise level is recorded at 75.4 dB and 68.6 dB during the 
day and night time (Table 5.6 & Fig. 5.7). The per cent of violation of standard limit 
has been recorded at 37 in day time and 52.4 in night time. 
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Table 5.5. Delhi: Average Day Time Ambient Noise Level (dB) in 2005 & 
2006 (6.00 a.m. to 10.00 p.m.) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Monitoring Sites 
Gokulpuri 
I.P. Extension 
Nauriji Nagar 
Ashram Chowk 
Shankar Vihar 
Shalimar Bagh 
Paschim Vihar 
Mandir Marg 
Saket 
Day 
Time 
67.1 
62.2 
64.4 
69.0 
66.2 
70.1 
67.1 
69.7 
N.A. 
%of 
violation 
22.00 
13.09 
26.18 
25.45 
20.36 
27.27 
22.00 
26.72 
N.A. 
Day 
Time 
69.5 
69.4 
68.3 
69.2 
N.A. 
71.9 
66.9 
63.9 
75.4 
% of 
violation 
26.36 
26.18 
24.18 
25.80 
N.A. 
30.72 
21.63 
16.00 
37.00 
Growth 
Rate {%) 
3.57 
11.57 
6.05 
0.28 
-
2.56 
-0.2 
-8.32 
-
Source: Calculated from data collected from CPCB 
N.A.: Not Available 
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Table 5.6. Delhi: Average Night Time Ambient Noise Level (dB) in 2005 & 
2006 (10.00 p.m. to a.m.) 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Monitoring 
Sites 
Gokulpuri 
LP. Extension 
Nauriji Nagar 
Ashram Chowk 
Shankar Vihar 
Shalimar Bagh 
Paschim Vihar 
Mandir Marg 
Saket 
Night 
Time 
66.9 
62.7 
63.2 
69.1 
68.3 
69.4 
63.0 
63.2 
N.A. 
%of 
violation 
48.6 
39.3 
40.4 
53.6 
51.8 
54.2 
40.0 
40.4 
N.A. 
Night 
Time 
68.4 
60.6 
67.0 
69.1 
N.A. 
70.7 
62.9 
57.0 
68.6 
%of 
violation 
52.0 
34.7 
48.9 
53.3 
N.A. 
57.0 
39.8 
26.7 
52.4 
Growth 
rate (%) 
2.24 
-3.10 
6.01 
0 
-
1.87 
-0.15 
-9.8 
-
Source: Calculated from data collected from CPCB 
N.A.: Not Available 
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From the above discussion it becomes amply clear that the noise from motor 
vehicles is the most pervasive source of pollution except for locations near airports 
where aircraft noise is excessive or near large industrial centres in Delhi. As far as the 
level of pollution is concerned, a consistently upward trend is observed. During 
analysis the per cent of violation of standard limit has observed to be high for day and 
night time except at few locations such as sensitive zones where strict rules are 
followed. Thus the first and second hypotheses that relate positive relationship 
between urban activities and magnitude of pollution appear to be fully explained in 
this chapter. 
SoGd Waste ^PoCktion: A Spatio-
"^^porafjinafysts 
Besides air, water and noise pollution, another evil of urban society that is 
threatening to assume dangerous proportions is the solid waste pollution. It is one of 
the most significant environmental pollutions which mainly consist of heterogeneous 
mass of garbage from community as well as homogenous accumulations comprising 
of countless different materials such as food wastes, packaging materials, industrial 
wastes, pathological wastes and hazardous wastes etc. It is generally classified into 
three categories i.e. Municipal Waste, Industrial Waste and Bio-Medical Waste. 
The generation of solid waste and the problem for its disposal is not a new 
phenomena in human society. It dates back to the inception of human civihzation 
itself. Since the beginning human kind has been generating waste, be it in the form of 
bones or the wood they use to make food but it assumed serious proportions only after 
the human concentration became engaged in non-agricultural forms of production. 
Archeologists digging through sites of Upper Paleolithic settlements (settlements of 
the first modem humans between forty thousand and ten thousand years ago) 
routinely found piles of discarded stone tools and the litter firom the making of these 
tools'. Management of solid waste was hardly an issue for the old communities. The 
quantum and composition of wastes produced by them was such that it would easily 
decompose and revert to soil or be washed away by rivers without creating any 
serious environmental hazard. Economic history shows that the waste generation 
became of a more complex nature at the end of the 19* century, when 
industrialization accompanied with urbanization saw the rise of the world of 
consumers and their material expectations. 
The increasing quantity of mimicipal solid wastes generation in urban society 
can be attributed to the rapid population growth, increase in the economic activities 
and the change in lifestyle of the people. 
Solid waste pollution, like the other environmental problems, is assuming 
serious dimensions in Delhi. From the last few decades, Delhi has been experiencing 
a significant increase in the generation of solid waste that is adversely affecting its 
physical environment and is creating aesthetic problems. The average density of the 
solid waste in the study area is estimated to be 500 kg /m^. The generation of solid 
waste has been estimated to increase fi-om 4,500 MT/day, 6,500 MT/day to 12,000 
1. www.pollutionissues.com 
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MT/day in the year 1981, 1991 and 2001 respectively .^ It is expected that on the basis 
of growth assumption of 6-8 per cent, the quantity of waste will be 17,000-25,000 
MT/day by 2021^. Even if it was possible to provide the maximum reduction of waste 
through composting and incineration there would still be a minimum 20 per cent 
residue of 4,000-5,000 tones per day that would have to be land filled in 2021'*. Out of 
the total solid waste, municipal solid waste accounts for 6000 -7000 MT/day, the 
industrial waste weigh up to 4000 MT/day and bio-medical wastes contribute 60 
MT/day .^ The rest is contributed by construction debris, silt and other wastes. 
The increasing generation of solid waste in Delhi is largely attributed to rapid 
population growth, increasing economic productivity and consumption, changing life 
style and food habits and changes in the standard of living etc. 
A number of studies have been done to evaluate solid waste pollution in Delhi 
in the recent past. Ansari (1999)^  investigated the problem of solid waste in Delhi and 
highlighted that the rate of generation of solid waste has increased so much that the 
civic agencies responsible for the collection and disposal of wastes are unable to deal 
with the total quantity produced everyday. Further, he analyzed the existing solid 
waste management practices and explored the possibilities for improving existing 
practices through partnership arrangements for better solid waste management. Gupta 
(2003)' analyzed a waste collection and utilization system that was set up in a low-
income area of Delhi where the Municipal Corporation was not providing an adequate 
service. He described a partnership between a community, a municipal administration 
and two NGOs and their own source segregation and composting scheme and also 
highlighted the benefits of partnership with a local organization. 
2. Water Quality Status of Lakes & Reservoirs in Delhi, Assessment and Development study, 
ADSORBS/37/2001-2002, CPCB, MoEF, p. 11. 
3. Dhamija, U., Sustainable Solid Water Management., Academic Foundation, New Delhi, 
2006, p. 16. 
4. Delhi Urban Environ, and Infrastructure Improvement Project, Dellii-21 (Chapt. 10) p. 49. 
5. Bio-Medical Waste Management: Case Study NCI of Delhi, LATS/17/2004-2005, CPCB, 
MoEF, p. 32. 
6. Ansari, J.H., "Solid Waste Management in Delhi-Need for Partnership Arrangement", Congress 
paper, 27* National Congress, 19-22 September, Dept. of Lands, Planning and Environment, 1999, 
p. 1-13. 
7. Gupta, S.K., "Partnership for Change: Bringing Stakeholders together to Manage Solid Waste 
in a Low Income Community in Delhi", CWG Workshop, Paper No. 12, Dar es Salaam, March 
2003. 
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Sarkar (2003)* studied management of solid waste in Delhi. He tried to present a 
vulnerability of the rag pickers of Delhi with focus on the socio-economic and 
occupational health aspects. He developed database pertaining to the socio-economic 
profile of the rag pickers through literature review, survey and open-ended interviews. 
Further, he examined the relevant policies of the Delhi government and made 
recommendations to enhance the efficiency of the government ventures in addressing 
the basic problems of the waste pickers. 
In the present chapter an attempt has been made to evaluate the major sources of 
solid waste pollution, types of solid waste pollution in spatial perspective and its 
physico-chemical characteristics. For the analysis data have been procured fi-om MCD 
(Conservancy and Sanitation Engineering Dept.). The collected data have been 
organized, moderated, tabulated and analyzed with suitable statistical techniques 
(calculation of collection efficiency) and portrayed in graphs diagrams and maps. 
6.1. Sources of Pollution 
It is a well known fact that the soUd wastes are primarily arising firom 
anthropogenic activities. There are innumerable man-made sources that are 
responsible for generating massive quantity of solid waste. Table 6.1 reveals that the 
most prominent sources of solid waste generation in Delhi are residential areas, 
institutions, commercial establishments, health-care facilities and slaughter houses 
etc. It has been estimated that there are nearly 1,40,000 informal retail units, 24,000 
wholesale establishments, 6,000 makeshift shopping spaces, 3000 residential areas 
and many other sources that are generating solid wastes of varied nature'. In addition, 
the wholesale fiijits and vegetable markets, truck terminals, slaughter houses, and 
small scale industries with their filth, squatter and unsanitary conditions also 
contribute in waste generation that further aggravates the deteriorating environment. 
6.2. Municipal SoUd Waste (MSW) 
Municipal Solid Waste includes non hazardous wastes fi-om households, 
commercial establishments, institutions, market and street sweeping etc. Over the past 
few decades, there has been a significant increase in the generation of municipal solid 
8. Sarkar, P., "Solid Waste Management in Delhi - A Social Vulnerability Study" in Martin J. 
et al (Ed.), Proceedings of the Third International Conference on Environment and Health, 
Chennai, India, 15-17 December, Chennai: Department of Geography, University of Madras 
and Faculty of Environmental Studies, York University, 2003, p. 451 - 464. 
9. State of Environment Report for Delhi, The Energy Research Institute (TERI), New 
Delhi, 2001, p. 65. 
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Table 6.1. Delhi: SoUd Waste Generating Sources (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Sources 
Residential Areas 
Organized Market 
Wholesome establishments 
Weekly Market 
Makeshift Shopping Space 
Informal Retail units 
Hospitals 
Nursing Homes 
Miscellaneous 
Total 
Number 
3,000 
1,600 
24,600 
100 
6,000 
1,40,000 
80 
1,000 
100 
1,76,480 
Source: MCD 2001 
waste. It is estimated that Delhi geno-ates about 6000- 7,000 metric tones of MSW per 
Day "^. Out of which the largest share is made by domestic solid waste that has been 
increasing in both absolute and per capita terms from the last few decades. Table 6.2 
and Fig. 6.1 indicate that the quantity of waste has increased from 2307 MT/day, 3826 
MT/day, 4070 MT/day to 6188 MT/day in the years 1981, 1988, 1993 and 2001 
respectively. While the quantity of waste per year has enhanced from 8.42 lakh metric 
tones, 13.96 lakh metric tones, 14.60 lakh metric tones to 22.58 lakh metric tones 
during the same years of observation. The growth rate of average quantity of 
generated MSW/day recoded at 65.84 per cent, 6.37 per cent and 52.03 per cent 
during 1981-88,1988-1993 and 1993-2001 respectively whereas the average quantity 
Table 6.2. Delhi: Average Quantity of Generated MSW (1981-2001) 
S.No. 
1 
2 
3 
4 
Year 
1981 
1988 
1993 
2001 
Per day (metric tones) 
2,307 
3826 
4070 
6188 
Per year (lakh metric tones) 
8.42 
13.96 
14.60 
22.58 
Source: Comprehensive report on pollution control and action plan for Delhi 
10. Background Note on Conservancy and Sanitation Engeering Report, MCD, 2001, p. 1. 
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Table 6.3. Delhi: Estimated Quantity (MT/day) of Generated Municipal Solid 
Waste (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Zones 
City 
Karol Bagh 
Sadar Pahargunj 
West 
Rohini 
Central 
South 
Najafgarh 
Narela 
Shahdara (South) 
Shadara (North) 
Civil Line 
Total 
5oMA-ce: MCD 2C 101 
Quantity @ 450 gms/capita/day 
246.20 
274.70 
170.32 
711.44 
619.65 
580.70 
503.15 
797.50 
239.45 
678.23 
772.45 
428.91 
6188 
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of generated MSW/year exhibits 65.79 per cent, 45.84 per cent and 54.65 per cent 
growth rate during the same period of observation. The construction or demolition 
debris and yard waste are not typically included in the estimated municipal solid 
waste generation, as they are highly variables and skew quantity assessments. Also, 
the construction or demolition debris and yard waste do not require disposal standard 
which are stringent to meet as those for other solid waste. 
It has been estimated by MCD that on an average 450 gms/capita/day of 
municipal solid waste is generated in the study area. Table 6.3 & Fig. 6.2 shows zone-
wise estimated generated quantity of municipal solid waste. It indicates that the 
largest quantity of waste is generated in Shahdara North (772.45 MT/day) followed 
by West (711.44 MT/day), Shahdara South (678.23 MT/day) and Rohini (619. 65 
MT/day) zones whereas the medium quantity of waste is generated by Central (580.70 
MT/day), South (503.15 MT/day) and Civil Line (428.91 MT/day) zones and the 
small quantity of waste is generated by Sadar Pahargunj (170.32 MT/day), Narela 
(239.45 MT/day), City (246.20 MT/day) and Karol Bagh (274.70 MT/day) zones. 
6.2.1. Composition of Municipal Solid Waste 
The composition of solid wastes varies from one place to another within the 
study area. The socio-economic status and socio-cultural factors of the inhabitants 
within an area affect the refuse properties in different ways'^ The composition of 
MSW in the low income areas is characterized as organic based, more moisture laden 
and dense. It may also contain appreciable amounts of household refuse, drain 
cleaning and human faecal matter'^ . Relatively high percentage of non-putrescibles, 
papers, plastic, metals and glasses that have large void space and ensure a low density 
waste are found in high income areas. It has been observed that solid waste in Delhi is 
of diversified nature. It comprises of biodegradable items, non-biodegradable items, 
silt and construction waste etc'^. 
Table 6.4 & Fig. 6.3 show the physical characteristics of mimicipal solid 
waste. It has been observed that the biodegradable items have the largest share (38.6 
11. Dayal, G., Yadav, A., Singh, R.P. and Upadhyay, R., "Impact of Climatic Conditions and 
Socio-Economic Status on Solid Waste Characteristics: A Case Study", The Science of the 
Total Environment, 136 (19993), p. 143-153. 
12. Cointreau-Levine, S., "Environmental Management of Urban Solid Waste in Developing 
Countries", A Project Guide for the Worid Bank Staff, 1982, p. 4. 
13. Interim Report of the First Finance Commission for NCT of Delhi 1996, quoted in TERI 
Report No. 1999 EE41 (March 2002), Urban Service Environmental Rating System, p.l69. 
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per cent) followed by inert material (34.71per cent), bio-resistant (13.87 per cent), and 
plastic wastes (6.03 per cent). The relative amount of recyclable material is found 
quite small because waste collectors generally retrieve them from garbage dumping 
sites to a considerable extent. 
Table 6.4. Delhi: Physical Characteristics of the Municipal Solid Waste (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
Source: MC 
Parameters 
Biodegradable 
Paper 
Plastic 
Metal 
Glass & Crockery 
Bio resistant (i.e. leather, rubber, 
bones and synthetic material) 
Inert (i.e. stones, bricks, ashes etc) 
Total 
D2001 
Average share in % 
38.60 
5.57 
6.03 
0.23 
0.99 
13.87 
34.71 
100 
Table 6.5 & Fig. 6,4 indicate the chemical characteristics of MSW. It has been 
observed that the waste is characterized by high moisture content i.e. 43.65 per cent. 
The organic content, nitrogen, phosphorous, potassium, C/N ratio and calorific value 
of MSW is recorded at 20.47 per cent, 0.85 per cent, 0.34 per cent, 0.69 per cent, 
24.08 and 715 kcal/kg respectively. 
Table 6.5. Delhi: Chemical Characteristics of the Municipal Solid Waste (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
Parameters 
Moisture 
Organic Carbon 
Nitrogen as N 
Phosphorous as P202 
Potassium as K20 
C/N ratio 
Calorific value 
Average share in % 
43.65 
20.47 
0.85 
0.34 
0.69 
24.08 
712.50 Kcal/kg 
Source: MOD 2001 
It has been observed that due to the intervention of rag-pickers, the waste in 
Delhi has a distinct profile. The composition of waste indicates that it is not 
conducive for optimum extraction as the moisture and biodegradability character of 
the garbage is higher. 
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Table 6.6 & Fig. 6.5 indicate the physico-chemical characteristics of MSW at 
zonal level. It has been observed that the municipal solid waste is of diversified 
nature. This might be the result of various land uses and different type of economic 
activities in different zones. The diversified nature and properties of waste is an 
indicator of the socio-economic status and socio-cultural factors of the inhabitants 
such as variation in prosperity, food habits, literacy, and use of disposable paper and 
plastic products''*'''. 
Table 6.6 and Fig. 6.5 give an idea about the varying nature of waste in 
different zones which is the clear manifestation of diverse activities in the concerned 
zones, hi the city zone, organic waste got the highest per cent (42.1 per cent) followed 
by inert silt material (19.1 per cent), other materials i.e. dead animal and discarded 
fijmiture, machinery and vehicles (18.0 per cent), rags (10.1 per cent), glass & 
crockery (4.0 per cent), paper (3.8 per cent), plastic (1.3 per cent) and metal (1.2 per 
cent). The large quantity of organic waste may be attributed to generation of food 
waste, large variety of fiiixits and vegetable wastes and waste firom kitchen and lawn. 
In Karol Bagh, inert silt material has the remarkable share of 23.0 per cent 
whereas rags, plastic, paper, glass & crockery, metals, organic waste and other 
materials recorded for 11.4 per cent, 11.1 per cent, 8.6 per cent, 8.6 per cent, 6.7 per 
cent, 5.6 per cent and 2.5 per cent respectively. The largest share of inert silt material 
in this zone indicates toward the increasing constructional activities. 
In Sadar Pahargunj, inert silt material recorded highest per cent 22.9 per cent 
followed by other materials (22.8 per cent), rags (13.0 per cent), plastic (11.2 per 
cent), glass & crockery (9.1 per cent), paper (8.6 per cent), metals (6.8 per cent) and 
organic waste (5.6 per cent). It has been found that nearly 46 per cent of the total 
waste is constituted by inert silt material and other materials that indicate increasing 
constructional activities, renovation of buildings and changes in the lifestyle of the 
people etc. 
In West zone, nearly 57 per cent of the total waste consisted of inert silt 
material while the share of paper, rags, plastic, glass & crockery, other material and 
organic waste were recorded 8.7 per cent, 6.5 per cent, 6.2 per cent, 6.1 per cent, 5.7 
per cent and 5.5 per cent respectively. It has been observed that the West zone has 
14. Srishti, Report on Recycling Responsibility Traditional Systems and New Challenges of 
Urban Waste Management in India, 2002, p. 14-15. 
15. Socio-Economic Status on Solid Waste Characteristics: A Case Study", The Science of 
the Total Environment, 136 (19993) p. 143-153. 
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been experiencing rapid constraction of residential and conraiercial complexes; 
resulting in the generation of large quantity of construction debris. 
Similarly in Rohini zone, inert silt material got the remarkable share of 73 per 
cent followed by rags (8.7 per cent), paper (4.1 per cent), organic waste (3.7 per cent), 
metal (3.4 per cent), plastic (3.3 per cent), glass & crockery (3.3 per cent) and other 
materials (1.5 per cent). Rohini that is witnessing construction of buildings in every 
direction is responsible for generating a large quantity of waste. 
In Central zone, the largest share is held by plastic (40.0 per cent) whereas the 
per cent of inert silt material, organic waste, paper, glass & crockery, rags, other 
materials and metals are recorded at 24.9 per cent, 8.0 per cent, 6.1 per cent, 5.0 per 
cent, 3.1 per cent and 1.2 per cent respectively. The largest share of plastic waste is 
mainly due to the fact that this zone is mainly inhabited by effluent section of society. 
This section of the society generally uses packed materials. 
In South zone, 40.7 per cent of the total waste is contributed by organic waste 
whereas 34.2 per cent, 5.9 per cent, 4.8 per cent, 4.7 per cent, 4.0 per cent, 4.0 per 
cent and 1.3 per cent are shared by inert silt material, paper, glass & crockery, plastic, 
rags, other materials and metals respectively. The largest quantity of organic waste is 
due to the generation of food waste, vegetable and fruit waste. This observation is also 
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attributed to the changing food habits of the resident and practice of throw away 
western culture. 
In Najafgarh, inert silt material constitutes 70.1 per cent of the total waste 
followed by rags (12.4 per cent), organic waste (9.7 per cent), paper (2.7 per cent), 
glass & crockery (2.3 per cent) and metal (0.9 per cent). Being a part of peripheral 
area, this zone is attracting more and more people for residence at low cost; 
experiencing rapid increase in construction activities. As a result, it generates large 
amount of construction waste. 
In Narela, the largest share is held by glass & crockery (16.9 per cent), 
followed by inert silt material (16.5 per cent), metal (14.8 per cent), rags (13.3 per 
cent), other materials (12.1 per cent), paper (10.5 per cent) and plastic (9.9 per cent). 
The characteristic of waste in this zone indicates towards the predominance of 
industrial and commercial activities. 
In Shahdara South, inert silt material appears to dominate the total solid waste, 
followed by other materials (17.6 per cent), organic waste (10.6 per cent) paper (9.7 
per cent), glass & crockery (8.1 per cent), plastic (5.8 per cent) and rags (5.6 per cent). 
In Shahdara North, almost 70 per cent of the total waste consists of inert silt 
material whereas the share of rags, organic waste, paper, glass & crockery, plastic and 
metal is recorded at 12.6 per cent, 9.6 per cent, 2.7 per cent, 2.3 per cent and 0.9 per 
cent respectively. 
In Civil Line, largest share is held by organic waste (57.7 per cent) followed 
by inert silt material (11.5 per cent), rags (7.7 per cent), paper (7.7 per cent), glass & 
crockery (5.8 per cent), plastic (5.8 per cent) and metals (3.8 per cent). The high 
organic waste in this zone indicates increasing consumption of fruits, green vegetable 
etc. It is also due to presence of large number of fruits and vegetable markets. 
During the analysis it has also been observed that the more affluent localities 
generate more organic waste than the low income localities. 
6.2.2. Collection of Municipal Solid Waste 
The collection of the municipal solid waste is performed by the Conservancy 
and Sanitation Engineering Dept. of MCD. It is estimated that out of the 7000 metric 
tones of MSW, municipality collects only 5000 metric tones per day while the rest is 
either picked up (mostly through rag pickers) for recycling or remain uncollected'^. 
16. Status of Municipal Solid Waste Generation Collection, Treatment and Disposal in 
Class-1 cities, Series ^ DSOitBS/5 7/7 998-2000, MoEF, CPCB, p. 10. 
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As a result, a substantial part of the MSW generated remains unattended and grows 
into heaps at poorly maintained collection centres which attracts birds, rodents and 
fleas etc and creates unhygienic conditions such as foul odour and release of air borne 
pathogens etc. 
As the Table 6.7 indicates, in several cases, the quantity of waste collected is 
greater than the estimated quantity generated. The two possible reasons for this 
discrepancy is the assumed norms of waste generation as 450 grams per capita per day 
that is highly variable and skew quantity assessments. 
Table 6.7 & Fig. 6.6 indicate that the largest collection is made from 
residential area i.e. 58.08 per cent. Such large quantity of domestic waste is associated 
with the changing life style of the people, influence of western throw away culture 
and change in food habit etc. Shopping centres (19.62 per cent), vegetable and fruit 
markets (10.38 per cent) construction sites (7.37 per cent) and slaughter houses (4.53 
per cent) make significant collection contribution to municipal solid waste following 
the residential areas. It can be attributed to the privileged position of Delhi as a centre 
of commercial activities in north India. Moreover, in order to meet the daily 
requirements of rapidly increasing population, the fruit and vegetable markets and 
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shopping centres that have enough potential to generate massive quantity of waste, 
been rapidly increasing. 
The generated waste from different sources is collected by municipality and 
transported to designated disposal sites or collection points that are provided by 
MCD. Dalaos (covered masonry structvire, generally single storeyed) and dustbins are 
the main garbage collection points. There is no standard norm for the placement of 
these receptacles i.e. distance between receptacles or number of receptacles per unit 
area. Due to lack of municipal receptacles, open sites have also been identified in 
some areas as local garbage collection points (Table 6.8 & Fig. 6.7). 
Concerning the collection point/sq. km., Table 6.8 & Fig. 6.8 indicate that the 
maximum number has been found in West zone (4.7), followed by Central (3.7), 
Sadar Pahargunj (2.6), South (2.5), City (2.5), Civil Line (2.4), karol Bagh (2.3), 
Rohini (2.1), Shahdara South (1.8), Shahdara North (0.9), Najafgarh (0.6) and Narela 
(0.3). 
Table 6.8. Delhi: Different Types of Receptacles Provided by MCD for Municipal 
Waste CoUection (2001) 
s. 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Source 
Zones 
City 
Karol Bagh 
Sadar 
Pahargunj 
West 
Rohini 
Central 
South 
Najafgarh 
Narela 
Shahdara 
(South) 
Shahdara 
(North) 
Civil Line 
Total 
MCD 2001 
Types of receptacles 
Dalaos 
(No.) 
41 
42 
28 
85 
116 
52 
107 
68 
15 
110 
84 
65 
Dustbins 
(No.) 
54 
31 
18 
167 
115 
183 
223 
148 
14 
154 
48 
122 
Open sites 
(No.) 
12 
12 
2 
53 
33 
29 
55 
0 
35 
11 
11 
22 
Collection 
points/ sq. km. 
2.5 
2.3 
2.6 
4.7 
2.1 
3.7 
2.5 
0.6 
0.3 
1.8 
0.9 
2.4 
CoUection 
points/lakh popul. 
16.2 
11.5 
7.6 
19.2 
10.9 
26.7 
23.6 
14 
23.7 
11.1 
8.6 
20.9 
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Table 6.9. Delhi: Collection Efficieiicy of MSW in Different Zones (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Zones 
City 
Karol Bagh 
Sadar Pahargunj 
West 
Rohini 
Central 
South 
Najafgarh 
Narela 
Shahdara (South) 
Shahdara (North) 
Civil Line 
Total 
Collection Efficiency (%) 
166.53 
145.61 
177.32 
70.27 
90.37 
108.83 
53.26 
40.75 
37.58 
102.47 
66.02 
114.24 
114.24 
Source: MCD 2001 
Concerning collection point per lakh population, a perusal to Table 6.8 & Fig. 
6.8 shows that the Central zone got the highest number (26.7) whereas the Narela, 
Civil Line, West, City, Najafgarh, Karol Bagh, Shahdara South, Rohini, Shahdara 
North, Sadar Pahargunj recorded for 23.7, 20.9, 19.2, 16.2, 14, 11.5, II.I, 10.9, 8.6 
and 7.6 respectively. 
As far as the collection efficiency in different zones is concerned. Table 6.9 & 
Fig. 6.9 depict that Sadar Pahargunj got a remarkable share of 177.32 per cent 
followed by City (166.53 per cent), Karol Bagh (145.61 per cent), Civil Line (114.24 
per cent). Central (108.83 per cent), Shahdara South (102.47 per cent), Rohini (90.37 
per cent), West (70.27 per cent). South (53.26 per cent), Najafgarh (40.75 per cent) 
and Narela (37.58 per cent). During the study it has been observed that the collection 
efficiency of the waste is directly proportional to distance from municipal office i.e. 
nearness to the municipal office leads to more collection efficiency and vice versa. 
6.2.3. Disposal of Municipal Solid Waste 
A large quantity of solid waste in Delhi is dumped in low lying areas because 
its disposal is not thoroughly systematic'^. Fig. 6.10 depicts the prevalent system of 
solid waste management in Delhi. The waste is collected from residences, shops, 
institutions, open spaces, sfreets and other premises and taken to one of the storage 
facilities mentioned above. Whereas the collection from individual premises is carried 
17. Delhi Urban Environment and Infrastructure Improvement Project, Dept. of Environment 
Govt, of NCT of Delhi, 2001, p. 53. 
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out through privately hired help, personnel hired by municipality specifically for the 
purpose of sweepings from streets and other public areas to the storage locations. 
From where it ultimately reaches to sanitary landfills dispersed in various parts of 
Delhi. During the whole process of waste management from generation to disposal, 
rag pickers which operate as informal sector entrepreneurs play an important role in 
recovering recyclable material such as cardboard, paper, cloth and plastic from the 
waste at source, municipal receptacles and land fill sites. 
Delhi: Existing Solid Waste Management System 
Waste for 
Open dumping 
by Civic body 
Fig. 6.10 
Table 6.9 and Fig. 6.11 indicate that the average per day disposal of garbage and silt 
at three sanitary landfill sites (SLF) has been continuously increasing excluding the 
year 2000-01. Disposal of average daily garbage has increased from 3617.90 MT 
(1994-95) to 5693.86 MT (1999-2000) but it has decreased to 5375.53 MT (2000-01) 
whereas average daily silt disposal has enhanced from 302.06 MT (1994-95) to 
2129.07 MT (1999-2000) and subsequently decreased to 649.13 MT in 2000-01. The 
increasing trend of the waste is mainly due to increasing population and consequent 
increase in construction work. 
During the study it has been observed that the entire waste generated in MCD 
areas along with waste collected by NDMC are subjected to land filling. The landfill 
sites in NCT-Delhi are presented in Fig. 6.12. Presently waste is disposed off at SLF 
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Table 6.10. Delhi: Average Daily Garbage and Silt Disposal (MT/day) 1994-2001 
S.No. 
1 
2 
3 
5 
6 
7 
8 
Year 
1994-95 
1995-96 
1996-97 
1997-98 
1998-99 
1999-2000 
2000-01 
Average daily garbage disposal 
3617.90 
3654.07 
4500.65 
5120.25 
5077.98 
5693.86 
5375.35 
Average daily silt disposal 
302.06 
467.90 
529.29 
2493.53 
2692.00 
2129.07 
649.13 
Source: MCD 2001 
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Fig. 6.11 
viz. Okhla (Plate No. 6.1), Ghazipur (Plate No. 6.1) and Bhalswa. Table 6.10 
indicates that all the three landfill sites have completed their operational period, but 
they are still in use by readjustment of garbage which is ultimately overflowing and 
increasing the environmental hazard. These dumping sites have become eye sores as 
huge amount of waste remains unattended. Ghazipur SLF site receives waste from 
Shahdara North, Shahdara South, City, Sadar Pahargunj and also from New Delhi 
Municipal Corporation. Bhalswa SLF site provides service to Civil Line, Karol Bagh, 
Rohini, Najafgarh, Narela and West zones. Okhla SLF site comparatively serves only 
few areas i.e. Central, South and City. 
91 1 
Plate No 6.1: Okhla Landfill Sites 
mwv 1 nf iir 
Plate No. 6.2: Ghazipur Landfill Site 
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For future six landfill sites proposed for sanitary landfill in Delhi are as follows'* 
(Table 6.11). 
6.3. Industrial Solid Waste 
In addition to municipal solid waste, the industrial solid waste is an important 
source of pollution that refers to industrial effluents which contain toxic substances 
and chemicals such as formaldehyde, phenols and mercury etc. It has been observed 
that the industrial production over the fast few decades has grown rapidly and so has 
proportionally the quantum of waste. Even after the major shifting of environmentally 
hazardous units from non-conforming zones, there are still a large number of 
household industries in the non-conforming zones. Although, the handling of 
industrial toxic waste is beyond the MCD's capacity but it has nevertheless been 
entrusted with the task of disposing such wastes. There is no up to date entry of waste 
generated by industries in the NCT of Delhi because of the variation in the number of 
manufacturing units and conflicting assessment of the character of the generated 
waste. 
The main industrial solid waste in Delhi includes fly ash from power plants. 
Delhi has three thermal power plants located in the heart of the city namely 
Indraprastha Thermal Power Station (ITPS), Rajghat Thermal Power Station (RTPS), 
and Badarpur Thermal Power Station (BTPS). Coal is the main source of energy fijel 
for all these power plants. It is estimated that about 6000 metric tones per day (MTD) 
of fly ash is generated by them in the following manner i.e. BTPS between 3,500-
4000 MTD, ITPS between 1,200-1500 MTD and RTPS between 600-800 M T D ' ^ 
While BTPS and RTPS have dry fly ash collection facilities, they do not haye 
adequate storage facilities. It has been found that the industrial units in Delhi are 
small scale units and much of the hazardous solid wastes are discharged in the form of 
sludge from Common Effluent Treatment Plants (CETP's) and individual Effluents 
Treatment Plants (ETP's). The biggest problems are the small scale pickling units, 
food processing units, electroplating and anodizing units, metal product units, paper 
and rubber product unit, textile washing and dying units and vehicle service stations 
which are producing toxic, corrosive, poisonous, inflammable and explosive wastes. 
18. Water Quality Status of Lakes & Reservoirs in Delhi, Series ADSORBS/37/2001/2002, 
CPCB,MoEF,p.l3. 
19. White Paper on Pollution in Delhi with an Action Plan, MoEF, Paryavaran Bhawan, New 
Delhi, 2000, Chapter 6, p. 17. 
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There are about 8,000-10,000 electro-plating industries and similar other industries 
producing toxic wastes for which no proper disposal system is yet available. Also 
there is no specified dumping site for this type of waste pollution. For example, in 
Wazirpur Industrial Estate and Shahdara-Maujpur Industrial Estate as well as along 
the Grand Trunk road, small and tiny scale industries processing non-ferrous metals 
such as copper, brass, aluminium as well as steel rolling mills and pickling factories 
are dumping their heavy metal rich waste into open drains. 
Table 6.13. Delhi: Collection of Industrial Wastes (MT/day) from different Zones 
2001 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Zones 
City 
Karol Bagh 
Sadar Pahargunj 
West 
Rohini 
Central 
South 
Najafgarh 
Narela 
Shahdara (South) 
Shadara (North) 
Civil Line 
Total 
Industrial waste 
14 
56 
8 
100 
6 
200 
8 
5 
10 
150 
5 
30 
592 
Percentage 
2.36 
9.45 
1.35 
16.84 
1.01 
33.78 
1.35 
0.84 
1.68 
25.3 
0.84 
5.06 
100 
5'o«rce:MCD2001 
According to a rough estimate the quantum of waste could be as high as 
30,000 metric tones per year or about 100 metric tones per day. Table 6.13 indicates 
collection of industrial solid wastes from different zones. It can be deduced from the 
Table 6.13 & Fig. 6.13 that the largest quantity of waste is generated by Central 
(200MT/day) followed by Shahdara South (150 MT/day), West (100 MT/day), Karol 
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Bagh (56 MT/day), Civil Line (30 MT/day), City (14 MT/day), Narela (10 MT/day), 
Sadar Pahargunj (8 MT/day), South (8 MT/day) Rohini (6 MT/day) and Shahdara 
North zones (5 MT/day). The quantity of waste is related to number of industries. In 
the zones where large numbers of industries are located, large quantities of waste are 
generated and vice versa. 
6.4. Bio-Medical Solid Waste 
The solid waste from health establishments, hospitals, nursing homes and 
clinics is cited as one of the most serious environmental health hazards in Delhi. With 
increasing population and improvement in health care establishments, it is now facing 
chronic problem of hospital waste disposal. Like the industrial waste, the management 
of bio-medical waste is also beyond the MCD's capacity but it never free of it. There 
are a total of 39 hospitals established under the jurisdiction of MCD. Apart from these 
hospitals, the health care at primary level is dispensed through several dispensaries. 
They are 294 in numbers. The large number of healthcare establishment are 
generating enormous amovint of bio-medical waste varying between 0.03 kg/bed to 
0.46 kg/bed on an average. But when viewed individually, they generate significant 
amoiint of waste both in terms of quantity and quality. It is estimated that Delhi is 
generating approx. 60 metric tones of bio-medical waste per day^ *'. Most of the 
hospitals have incinerator, autoclaves and shredders for the scientific management of 
bio-medical waste and the waste from hospitals where such freatment facilities are not 
available are segregated and fransported to where such freatment facilities exist, in a 
specialized bio-medical waste transport van. Smaller nursing homes and clinics which 
can not make their own arrangement dispose it off with municipal waste which 
creates serious environmental health hazards^'. Table 6.12 indicates that the quantity 
of collected waste is more than the estimated quantity. It could be mainly due to small 
nursing homes and clinics that dispose it off with municipal waste. It can be deduced 
from the Table 6.13 and Fig. 6.14 that the largest quantity is collected from City (46 
MT/day) followed by Civil Line (20 MT/day), Narela (10 MT/day), Shahdara North, 
Shahdara South and Central zones, each recorded 5MT/day whereas West, Rohini, 
Karol Bagh and South zones, each recorded 4 MT/day. 
20. India: State of the Environment 2001, Hazardous Waste: Special Reference to Municipal 
Solid Waste, p. 133-149. 
21. Bio-Medical Waste Management-Case study NCT of Delhi, LATS/17/2004-2005, CPCB 
MoEF, p. 29-30. 
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Table 6.14: Collection of Hospital Waste (MT/day) from Different Zones (2001) 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Zones 
City 
Karol Bagh 
Sadar Pahargunj 
West 
Rohini 
Central 
South 
Najafgarh 
Narela 
Shahdara (South) 
Shadara (North) 
Civil Line 
Total 
Quantity 
46 
4 
N.A. 
4 
4 
5 
4 
N.A. 
10 
5 
5 
20 
107 
% 
42.99 
3.73 
N.A. 
3.73 
3.73 
4.67 
3.73 
N.A. 
9.34 
4.67 
4.67 
18.64 
100 
Source: MCD 2001 
N.A.: Not Available 
The above discussion makes it clear that solid waste pollution in Delhi has 
become an important environmental problem that needs urgent attention. The study 
indicates that the number of pollution generating sources and the quantity of waste is 
increasing day by day. Consequently, municipal body is unable to provide proper 
collection, storage, treatment and disposal facilities. As a result, a substantial part of 
the MSW generated remains unattended and grows into heaps at poorly maintained 
collection centres creating environmental, aesthetic and health hazards. Thus the first 
and second hypothesis which states about the positive relationship between urban 
activities and environmental degradation are fully accepted. 
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Cfidnging Morphohgy: A QuaMtative 
ancf Quantitative JinaCysis 
The process of urban development not only puts a tremendous pressure on the 
physical environment but also changes the basic morphological characteristics such as 
spatial and functional distribution of land, its character, growth and development. 
Morphology refers to the study of the layout and build of towns, is viewed as the 
expression of their origin, growth and function. It is the study of the physical form of 
a city, which consists of street patterns, building sizes & shapes, architecture and 
patterns of residential, commercial, industrial and other uses, among other things. 
Special attention is given to how the physical form of a city changes over time and 
how different cities are compared to each other. Urban morphology is generally taken 
synonymous to urban land use, urban landscape or town scape. 
Geographically, it is related to physical ground plan on which the city rests 
specially the physical forms and arrangements of spaces and buildings-their nature, 
their relative disposition and their social interdependence etc. The forms and functions 
are the two broad aspects of urban morphology intimately related to each other. Urban 
form that refers to the urban ground plan and layout of its roads and streets is the 
result of the interaction between the factors responsible for the physical setting and 
those for the arrangement of spaces and buildings. Dickinson attaches immense 
importance to the urban ground plan and remarks that one should turn to it for the 
basics of the morphological treatment of towns, rather than to the site or to the 
architectural style'. The other significant aspect of the morphological treatment of an 
urban centre is the study of its ftinctions as different parts of a planned city are 
characterized by distinguishable spatial order of urban activities. Each part 
predominates in one function or the other. 
The changing morphology of an urban area is an off-shoot of the large scale 
demographic accretion that has far reaching implication on natural resources in the 
form of continuous growth and physical expansion of urban areas at the cost of rural 
settlements, scarce open space, reduced agricultural land and elimination of natural 
vegetation etc .^ 
From the past few decades, the growing concentration of population has led to 
a competition for space in Delhi. In order to adjust itself to the growing demand of 
1. Dickinson, R.E., "The Morphology of Medieval German Towns", Geographical Review Vol 10 
p. 74-99. ' ' ' 
2. Mallick, U.C, "A Profile of India's Urbanization: Problems and Policy Issues", in Bhargava, G., 
(Ed.) Urban Problems and Policy Perspectives, Ahhiaav?uhl.,lievfDeM, 1981, p. 16-18. ' 
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space the relationship between man and environment has been drastically changing. 
People are disturbing the environment for their occupancy and activities without 
considering its consequences. As a result, the spatial dimension of Delhi has been 
undergoing major transformation especially in terms of continuously emerging 
urbanized zones, urban expansion, diminishing rural areas and change in land use 
pattern etc^ "*. hi addition, it has been experiencing remarkable changes in the mode of 
arrangement of roads, streets & flyovers and location of residential, conmiercial, 
administrative and other functional areas etc .^ 
In the present study an attempt has been made to examine the dynamism of 
cultural and historical morphology pertaining to land use, land cover, layout, plan, 
style of buildings, mode of arrangement of roads and streets, types and composition of 
dwelling, family structure and social values. For assessing and evaluating the 
changing morphology, historical maps, imageries, photographs and historical records 
obtained firom government and non-government agencies have been used. 
7.1. General Morphological Characteristics 
Delhi, a symbol of ancient values and present aspirations has a distinct 
personality imbibed in it that has been shaped by centuries. 
To a great extent, the peculiar morphological feature of the Delhi is that 
historical vestige aside for the former British residence and for the cantoimient. They 
look quite unlike the city proper. They are geographically in a city and yet virtually 
out of it. The internal structure of Delhi depicts the typical characteristics of hidian 
urban system i.e. congested old part and spacious periphery in terms of population 
and buildings. It has been observed that in the core, both population and housing 
density increased with consequent increase in congestion. The older part with highly 
packed old residence; exhibits a very slow rate of change and have highly intensive 
land use pattern. The possible change in this part is more diversified land use. 
3. Dupton, v., Urban Development and Population Redistribution in the Delhi: Implications 
for Categorizing Population, in T. Champion and G. Hugo (Ed.), New Forms of 
Urbantation: Beyond the Urban -Rural Dichotomy, Aldershot, Ashgate, 2003, p. 170-
190. 
4. Phadke, V.S., and Sita, K., "Spatial Patterns of Urban Impact in a Metropolitan Region-A 
Case Study of Bombay", Annals of the National Association of Geographers India, Vol. 1, 
No.l,Junel981,p. 18-28. 
5. Sokhi, B.S., Remote Sensing in Urban Land use Structure-Transportation System 
Relationship: A Case Study of Delhi, in Sokhi, B.S. and Rashid, S.M. (Ed.), Remote 
Sensing of Urban Environment, Manak Publ., New Delhi, 1999, p. 173-193. 
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It retains its prosperous commercial nucleus and is also the focus of tertiary and 
cultural activities. Although mostly the richer and upper middle classes has shifted 
their residence to the outward moving periphery but still retain their work and main 
shopping places in the core. It depicts as an organic space of tradition and community. 
Urban life here is conducted in congested and winding streets between communities 
defined by historic location and caste. Bereft of extensive modem sanitation and 
infrastructure, the old Delhi appears a hectic and sensory place of smell, sight and 
contact. The Indian way of compromise with the acute shortage of urban land i.e. 
compactness and intensification of land use lead to diversification, is visible in the old 
part. The construction is wall to wall and about the edge of the street. The streets are 
as narrow as possible. There are marked irregularities in street patterns. Except the 
major roadway, the streets are narrow and winding and not even well kept. In fact, it 
is characterized by narrow streets, crooked gullies, intertwining lanes and old multi-
storeyed building overlooking the streets. The width of the roads in most of the places 
is so small that it is very difficult to cope with the real fast and intense traffic. The 
limit of the intensification of land use has reached to that extent even the footpaths or 
open land is taken up for commercial and business uses (Plate No. 7.1). 
On the contrary, the areas other than old Delhi are characterized by scattered 
and low population density. Open spaces, parks, gardens, wide and long roads, 
industrial estates, mandi (Market) yards, cold storage, railway, bus depots, research 
institutions, new markets, planned residential colonies are common features. 
Remarkable developmental of residential areas on fertile agricultural land is also 
observed in peripheral areas (Plate 7.2). As a whole, Delhi depicts some global 
metropolitan elements like older part with a high concentration of population and 
clustering of large scale traffic generators; commutation to the city from the outward 
moving fiinge; rapid development of multi-storeyed shopping malls, office and 
institutional complexes etc. 
7.2. Changing Distribution of Urban and Rural Areas 
Expansion of urban areas is one of the most important indicators that 
determine the morphological characteristics of the region. The process of expansion, 
whose impact on the life of Delhi is far reaching, profound and disturbing in several 
aspects has been found to be very conspicuous and is associated with three important 
historical events. Much of the development during these events occurred in a 
spontaneous, haphazard and unplanned manner. Firstly, the transfer of British capital 
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from Calcutta to Delhi in 1911 started gobbling up of rural communities by the 
expansion of urban Delhi. The imperial Darbar (Court) in the preceding year was held 
away from the main city of Shahjahanbad, in the north. A hectic period of the 
construction of the temporary seat of the government of the British India followed. 
The rural character of the vast area in the north of the outer walls of Shahjahanbad 
was suddenly transformed in a new city called a Civil Line. Several villages had to be 
absorbed to take up the new urban functions and there was a fundamental change in 
the pursuit of the farming activities. Later, it followed the search for the new site on 
which the imperium could display its might and grandeur. The choice fell on the 
undulating landscape just south of the congested Shahjahanbad centred on the Raisina 
village. In all, there were six villages on the site demarcated for New Delhi, the new 
capital of British India. The inhabitants of these villages were displaced and some of 
them came into the old city and its vicinity to further congest them. In fact, this was 
the beginning of the acquisition of agricultural land by urban Delhi. 
Secondly, the independence of India in 1947, led to the overflow of the growth 
of areally expanding urban areas into the shrinking jurisdiction of rural Delhi. Planned 
as well as unplanned development has converted village land into many type of 
residential, commercial and industrial land uses. During this period the massive 
expansion of settlement took place towards north. Beyond this, the urban area had 
kept on sprawling all around across the river and ridge to envelop rural areas together 
with their village settlement. In fact, the partition of India trigged major changes that 
were to alter the morphology of Delhi*. Before the event 1947, it was a small 
adminisfrative town where non-colonized areas were good agricultural land and the 
rest of the area was subjected to inundation during monsoon period .^ After 
independence Delhi was immediately overwhelmed by a deluge of refugee 
immigrants coming not only from West Pakistan but also from all over the country. It 
is estimated that about 1 lakh people left for Pakistan and nearly 5 lakh came to 
Delhi. To accommodate influx of people available land was acquired. It was 
6. Delhi Environmental Status Report, Dept. of Environment, Govt, of NCT, New Delhi 
p. 23. 
7. Rana, L., Unauthorized Housing in a Modem Metropolis: Delhi, in Rai, R.K., Singh, S., 
Nayak, D.K. and Mipun, B.S., Environment Resource and Development (Ed.), The 
Geographical Society of North-East Hill Region, Shillong, 2001, p. 173-189. ' 
8. Mitra, A., Delhi Capital City, Thompson Press, New Delhi, 1970, p . l l . 
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happened especially in the south, north and west part of Delhi. Colonies were 
hurriedly built all around the existing nucleus of Old and New Delhi and subsequently 
by 1949, twenty big colonies covering an area of 12.01 sq. km. had come up. The 
largest area occupied in the south where four colonies namely Nizamuddin, Jangpura, 
Lajpat Nagar and Malviya Nagar occupying an area of over 7.2 sq. km. came up. In 
the west three colonies (Rjinder Nagar, Patel Nagar, and Tilak Nagar) were built 
covering an area of over 3.70 sq. km. A similar development of colonies took place 
over 9 sq. km. namely Kingsway and Azadpur colonies in the north. In the east, 
across Yamuna, Gandhi Nagar Colony was fist developed in Shahdara'. It is estimated 
that by 1958 as many as 102,000 dwelling units were built by various agencies. 
Besides, the development of residential colonies, other activities such as 
administrative, commercial, industrial and social activities multiplied and created 
demand for space which led to further expansion of urban area. As a result, by 1961 
urban area recorded 240.83 sq. km. and rural areas 1157.56 sq. km (Table 7.1). Later 
on other residential colonies were also developed to meet the increasing demand of 
housing for government employees that greatly proliferated after independence 
following increased governmental activities. It has been found that by 1964-65, 
central government had sponsored sixty five colonies consisting of 65,000 dwellings 
for their employees. Ministry of railways added 3,850 dwelling units and private 
enterprises also contributed solidly by putting up 295 colonies comprising of 100,00 
dwelling units'". In addition posh colonies like Sunder Nagar, Golf Link, Jorbagh and 
Krishna Nagar were also developed by individuals on the plots provided by Ministry 
of Housing. Consequently, the urban area reached to 360.59 sq. km and the rural area 
reduced to 1038 sq. km. with the decadal growth rate of 49.72 per cent and -10.26 per 
cent respectively by 1971. It has been observed that during this period the urban area 
was expanding towards the rural environment swallowing up vast tract of agricultural 
land into the urban limit". Phenomenal growth in urban area of Delhi has been 
observed after 1971. The main reason behind the accelerated growth of urban area 
was Asiad (Asian game) which immensely altered Delhi's face. In 1982, Delhi hosted 
Asiad that transformed the parts of Delhi from a conglomerate of semi-urban villages 
9. Aziz, A., Changing Face of Delhi- A Geographical Perspective, Indisco, 1983, p. 57-58. 
10. Mitra, A., Delhi Capital City, Thompson Press, New Delhi, 1970, p.l 1. 
11. Bhan, S. and Rao, K.V., Seshagiri, "Role of Remote Sensing in Monitoring Urban 
Sprawl: A Case Study of Delhi", in in Sokhi, B.S. and Rashid, S.M., (Ed.) Remote 
Sensing of Urban Environment, Manak Publi., New Delhi, 1999, p. 42-53. 
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into a modem city. It led to the rapid development of urban areas in all direction in the 
form of visual imprints such as stadia, flyovers, hotels, international airports and guest 
houses etc'^. Moreover, the system of transportation improved a lot and several 
district centres, humming with commercial activities built-up. South Delhi and parts 
of Central Delhi acquired new skylines dominated by multi-storeyed commercial and 
residential complexes. In the south Vasant Vihar, Vasant Kunj, Palam Vihar, in the 
west Vikaspuri, Mangolpuri, Punjabi Bagh, Saraswati Vihar and Nand Nagri, 
Seemapuri, Dilshad Garden, Ghazipur dairy farms, Mayur Vihar and Mandavali in the 
east emerged as new residential colonies. Moreover, The Central Ridge was violated 
when Shankar road was widened to promote easier flow of traffic. The Siri woodland 
was axed to accommodate the Asiad village complex. Consequently, by 1981 the 
urban area of Delhi increased to 506.19 sq. km. and rural area further decreased to 
891.10 sq. km. showing 40.37 per cent and -14.21 per cent growth rate respectively. 
Afterwards the urban area expanded in all directions due to development of planned 
as well as unplanned and squatter settlements. As a result, the urban area reached to 
614.52 sq. km in 1991 and rural area decreased to 782.77 sq. km. It has been observed 
that maximum residential colonies were emerged during the same period especially in 
Trans-Yamuna region, south-west and western part of Delhi. Colonies like Mayur 
Vihar, Vivek Vihar, Dilshad Garden, Gokulpuri, New Seemapuri and Jawahar Nagar 
were emerged as planned colonies whereas Khajuri, Bhajanpura, Karawal Nagar and 
Mustafabad developed as unplanned colonies. In the south and south-western side, 
M.B. road residential complex, Vikaspuri, Hasthal, Rohini and Budha Vihar are fully 
developed colonies which emerged during that period. The trend continued till 2001 
that increased the total urban area to 838.97 sq. km and rural area decreased to 558.32 
sq. km. 
During the course of analysis it has been found that the spatial expansion of 
the urban areas in Delhi has been taking place mainly along the transportation 
arteries—the railway and the major roads and it follows linear pattern of growth 
rather than circular one (Fig.7.1). With the urban development, the villages in the 
periphery got drawn into the urban area by its extension and finally absorbed to the 
urban area, transformed both rural and urban land use and land cover. Residential 
12. Singh, R.B., Kumar, B. and Singh, A., "Mapping Environmental Stress in the Context of 
Land Use Changes and Urban Sprawl in Delhi Metropolitan Region", ne Geographer 
Vol.49, No. 2, p. 44-59. ' 
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colonies, industries and public & semi public institutions promoted urban sprawl into 
countryside and reduced the cultivated land to a significant level. Table 7.2 shows that 
the number of villages in Delhi has been gradually decreasing during the last few 
decades. It is estimated that urban expansion has engulfed 176 villages over the 
period of five decades and it seems to appear that sooner or later most of the rural 
areas will be converted into urban areas. 
By the end of this decade, the Commonwealth Games is going to be held at 
Delhi in 2010, that promise to take Delhi to the level of a world class megalopolis, 
will bring changes mainly in east and southeast Delhi and Delhi University's North 
Campus. The Games Village is coming up in East Delhi, on NH 24, just behind the 
Akshardham temple. The huge public investments have been taking place in mass 
rapid transport, roads, flyovers, power plants, sports facilities and residential 
complexes. Of the 19 five star and budget hotels, six are in East (two in Mayur Vihar, 
one in Shahdara) and South Delhi (two in Jasola and one in Okhla). In addition, there 
will be a hospital and a water treatment plant. New sports facilities will be readied at 
South Delhi's Siri Fort sports complex and East Delhi's Yamuna sports complex. Ten 
of the eleven new flyovers will be in South and East Delhi. Jawaharlal Nehru 
Stadium, which will host the opening and closing ceremonies, will be renovated. A 
new road will connect the Games village to the stadium. Two power plants are 
planned -a 1000 MW gas-based plant at Bawana and a 330 MW Pragati power plant 
II near Indraprastha Extension. The public transport also will get a leg-up. Chances 
are that the Metro will construct a high-speed corridor fi-om New Delhi railway 
station to the airport'^ This development will fiirther change the morphology of 
Delhi. If this process continues, the entire rural Delhi will be engulfed by the tide of 
urbanization in near future. 
7.3. Land Use Characteristics 
Land use is a very meaningfiil indicator for comprehending urban structure 
and development. The characteristics of land use of a place are the manifestation of 
socio-economic condition of the inhabitants and ecological setting of the region. 
Further, it also reflects the level of economic development. The changing land use 
pattern is an ongoing process of dynamic interaction of man and environment 
13. Hindustan Times, March 27, 2006, p. 2. 
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relationship. However, land use coverage is being continuously modified because of 
economic needs . 
As far as the spatial organization of Delhi is concerned, it is distinguished by 
the diverse occupance of space that helps them to become self-contained to a great 
extent, internally as well as externally. Specialization of activities in a specific area 
that is very common in the western cities which does not found in the region. The so-
called commercial areas especially the old Delhi where large variety of shops deal in 
different commodities invariably has its substantial residential population living side 
by side, or at the back of or, on the upper storey of the shops. Most of the market has 
double use i.e. residence-cum-commercial. Various urban functions are so widely 
dispersed that predominantly residential areas also have the retail shops, workshops, 
the branch office in their midst i.e. within the walking distance. There is a general 
tendency of the people to live near the service centre or the work place in order to 
save money and distance. 
Delhi has high mixed and intense land use pattern that seems to appear 
complex. Diverse uses are mixed up in a small area. No clear cut concentric zones of 
different activities exist. Central core areas comprise not only commercial 
development but also high concentration of houses. Manufacturing activity is spread 
geographically not only in the peripheral zone but also in the intermediate and inner 
zones. In response to less mobility and various other forces, it has evolved in a 
peculiar way of adaptation with space which is not based on economic 
interdependence and segregation. It is quite common to find residential, commercial 
and industrial activities in the same premises. The range of functions consist of a 
combination of industrial, commercial, service and administrative activities and their 
absolute and relative location is associated with historical development. 
It has been found that the urban land use in Delhi is highly mixed and 
intensified (Plate No. 7.3 & 7.4). There is little open space except the shrines or the 
public grounds. On an average, it has different areal blocks with several activities in 
each one, so that a large city is broken down into smaller entities which are more self 
contained and loosely coordinated with each other that depict Indian way to 
compromise with space by saving long distance. Moreover, a large number of 
14. Uttarwar, P.S., Aerial Photographs in Planning for Urban Extension, in Sokhi, B.S. et al op 
cit, 1999, p. 257-274. 
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Plate No. 7.3: Intensification of Land Use 
Plate No. 7.4: Mixed Land Use Pattern 
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ftmctional units have no fixed location or structure and the street side or public places 
are used illegally. 
7.3.1. Changing Land Use Pattern 
In the wake of urbanization Delhi has experienced rapid change in land use 
pattern. It has been observed during study that on an average, in 1961 (Fig.7.2), there 
was 325.44 sq. km. of land in urban use, 1157.56 sq. km. in rural use and 11.43 sq. 
km. under forest. Whereas in 1999 (Fig.7.3), the build-up area was recorded 54 per 
cent, agriculture 37.89 per cent, forest and natural vegetation 3.13 per cent, waste land 
and ridge 3.94 per cent and water bodies 1 per cent. Landsat TM and IRS IC LISS-III 
satellite images of 1992 and 2004 are respectively showing the changing land use 
pattern of Delhi. 
Residential land use shares the largest proportion of the Delhi's land and plays 
a significant role in shaping of its morphology. The other uses though do not occupy 
as much land as residential uses, are of a considerable importance because of the 
economic importance of their uses. The commercial and industrial uses especially fall 
in these categories. The location of residential areas is based on a variety of factors 
such as the nature of land, growth and distribution of non-residential lands, time 
distance firom the place of work, land value, choice of the planners, amenities and 
facilities and political decisions. Lmid under urban residential uses recorded 25.76 per 
cent of the total area in 1992 that has increased to 37.09 per cent in 2004 showing 
43.98 per cent decadal growth rate whereas land imder the rural settlement also 
increased from 0.99 per cent to 1.87 per cent recording a growth rate of 87 per cent 
during same period (Table 7.3 and Figs. 7.4 & 7.5). It has been observed during study 
that the increase in urban population has been so high that almost half of the total 
urban area i.e. 47 per cent of urban land is under the residential use recorded at 19 per 
cent in 1956*^ (Table 7.4) which has got the phenomenal increase firom 39.75 to 46.99 
per cent during 1961-2001, recording a growth rate of 71.04 per cent (Fig. 7.5). 
Because of the availability of the higher degree facilities and job opportunity in 
service sector, residential areas both planned and unplanned are emerged rapidly. As 
far as the expansion of rural settlement is concerned, it has been observed that it is 
expanding not only fi-om the natiiral growth of the population but also the result of 
migrant families and labours that serve in the city and live in counhyside adjoining to 
15. Town Planning Organisation, Delhi General Plan for Greater Delhi, 1956, p. 83. 
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Delhi because of prevailing high rental price at the place of work. 
Commercial use reported for 0.27 per cent of the total land area of Delhi in 
1992 that has increased to 0.36 per cent in 2004 (Table 7.3 & Figs. 7.4 & 7.5). Most 
of the commercial centres are located in urban areas. It recorded 0.8 per cent of the 
total urban area in 1956 which has increased from 1.3 per cent to 4 per cent during 
1961-2001 showing a growth rate of 342.15 per cent (Table 7.4 & Fig. 7.6). Although 
the commercial areas are spread over the large area but presently, the Connaught 
Place and Chandni Chowk and other central city areas constitute a strong business 
centre bringing lakhs of workers and other concerned people every day to these 
centres. These areas cater varying day to day shopping needs as well as casual and 
impulsive shopping. At present Delhi has an about one lakh retail shop at the rate of 
18.25 shops per thousand population. These are located in about 1,600 markets of 
varying size that scattered all over the study area. In Delhi, informal sector in retail 
trade plays a very important role. About 1.39 lakh informal sector retail units are 
working within the shopping areas, along roadside and other areas of public 
concentration. Delhi has the tradition of weekly markets and at present there are 95 
weekly market sites (1.8 weekly markets per 1 lakh population) with about 6,000 
daily shopping spaces. To accommodate required shopping, commercial offices, 
offices for undertakings and other related activities like cinema hall, hotel and needed 
facilities, the following five tier system of commercial activity is envisaged. Central 
Business District (CBD) is at the apex in the hierarchy of the commercial centres. The 
existing areas functioning as CBD are Connaught Place, commercial areas in the 
Walled city and Karol Bagh. The district centres are to serve as a climax of the multi-
nodal activities of commxmity. The important district centres are Nehru Place, 
Rajender Nagar, Bhikaji Gama Place, Janakpuri, Laxmi Nagar, Shivaji Place and 
Jhandewalan. There are nearly 82 community centre in Delhi urban area and 40 in 
urban extension'^ . 
The informal sector units locate themselves strategically near work centres, 
commercial areas, outside the boundaries of schools, colleges and hospitals, transport 
modes and near large housing clusters. Walled city and trans Yamuna particularly 
show a very high percentage of this activity. 
16. Master Plan of Delhi 2001, Revised (1990), DDA, New Delhi, p. 17-22. 
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Table 7.3. Delhi Land use/land Cover Change During 1992-2004 
Land use/land cover 
Highly dense residential 
Medium dense residential 
Low dense residential 
Rural settlement 
Commercial 
Airport 
Institutional 
Industrial 
Parks and Zoo 
Stadium and playground 
Historical monviment 
River 
Drainage 
Water body and reservoir 
Canal 
Agricultural land 
Scrub land 
Forest 
Ridge 
Pasture land 
Urban agriculture 
Riverine green 
Open land 
Total 
Source: landsat TM and IRS 
1992 
Area 
(Meet.) 
15,348.87 
12,039.75 
10,661.80 
1,457.07 
396.87 
2,261.67 
1,718.19 
689.68 
1,650.91 
241.07 
1,280.43 
1,728.60 
920.31 
183.97 
142.95 
65,114.21 
3,521.43 
2,331.06 
9,874.87 
3,286.05 
8,102.82 
177.41 
3,507.95 
1,48,375. 
70 
[C LISS-III. 
Area 
(%) 
10.39 
8.15 
7.22 
0.99 
0.27 
1.53 
1.16 
0.47 
1.12 
0.16 
0.87 
1.17 
0.62 
0.12 
0.10 
44.89 
2.52 
1.58 
6.69 
2.23 
5.49 
0.12 
2.38 
100.00 
2004 
Area (Hect.) 
34,123.04 
10,706.75 
10,324.30 
2,773.80 
527.86 
2,160.02 
1,951.32 
576.03 
1,429.43 
383.22 
1,293.94 
1,075.87 
1,088.40 
189.08 
185.70 
54,152.63 
3,615.58 
2,127.34 
8,211.81 
554.25 
4,755.28 
164.48 
5,338.12 
1,48,375.70 
Area (%) 
22.95 
7.20 
6.94 
1.87 
0.36 
1.45 
1.31 
0.39 
0.96 
0.26 
0.87 
0.72 
0.73 
0.13 
0.12 
36.94 
2.43 
1.43 
5.52 
0.37 
3.20 
0.11 
3.72 
100.00 
Table 7.4: Changing Urban land Use Pattern of Delhi (1961-2001) 
Land use 
Residential 
commercial 
Industrial 
Public & semi 
Public 
Recreational 
Transportation 
Other 
Total 
Existing 
(1961-1981) 
Area 
(hec) 
17799.8 
586 
3079 
2234 
9715 
5373 
5988.2 
44777 
Area (%) 
39.75 
1.30 
6.87 
4.98 
21.69 
11.99 
13.37 
100 
Exis 
(1981 
Area 
(hec) 
30445 
2591 
4534 
6479 
12955 
7773 
-
64777 
ting 
l-Ol) 
Area (%) 
46.99 
3.99 
6.99 
10.00 
19.99 
11.99 
-
100 
Area 
(hect.) 
12645.2 
2005 
1455 
4245 
3240 
2400 
-
20000 
Growth 
rate (%) 
71.04 
342.15 
47.25 
190.01 
33.35 
44.66 
-
100 
Source: DDA 2001 
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Weekly markets are operating in a systematic manner choosing locations 
central to a large population either on vacant land or road sides. The largest city level 
weekly market is held every Sunday on ring road at the rear of the Red Fort. 
There are about 24,600 wholesale shops and establishment in Delhi. The 
wholesale markets are dealing with 27 major commodities. The largest wholesale 
trade based on the number of shops is textile and its products located in Chandni 
Chowk and Maliwara followed by auto-parts and machinery located in Kashmere 
Gate area. Other wholesale commodities are fruits and vegetables (Azadpur Market), 
hardware and building materials (Chawri Bazar, Shradhanand Marg), paper and 
stationary (Chawri Bazar and Nai Sarak), food items (Khari Baoli) and iron and steel 
(Naraina). 
The industrial areas recorded for 0.47 per cent of the total land area of Delhi in 
1992 which has decreased to 0.39 per cent in 2004. It is mainly due to large scale 
shifting of industries from Delhi to neighbouring states especially in Haryana. In 
urban areas, it is showing positive growth rate. It has been observed that in urban 
areas it was recorded at 5.6 per cent in 1956 which has increased from 6.87 per cent to 
7 recording a growth rate of 47.25 per cent during the period of 1961-2001 that 
indicates toward increasing industrial activities in the study area (Table 7.4). There 
are twenty-eight well defined industrial estates in various parts of Delhi. Most of these 
industrial estates are located in North-West quadrant of Delhi. There is several other 
clusters of industrial imits being operated in unorganized manner in non-conforming 
areas. The important industrial estates in the north-west part of Delhi are Wazirpur, 
Najafgar road, G.T. Kamal, Lawrence road, Kirtinagar, Anand Parbat, Mangolpuri 
and Narela industrial estates. In the east, Jhilmil, Shahdara and Patpargimj are the 
important industrial areas. Mayapuri, Naraina, Udyog Nagar, Tilak Nagar and 
Nangloi industrial estates are located in the west. In the south-west. Flatted Factory 
complex. Friends colony, Okhla and Mohan Co-operative industrial areas are located. 
It has been observed that due to large demand of land for residential purposes, 
the garden, lawns, parks and wooded land are also converted into housing colonies. 
As a result, recreational areas reduced from 1.12 per cent to 0.96 per cent during 
1992-2004. Similarly in urban areas it reduced from 21.69 per cent to 20 per cent. The 
distinct areas are land in the east along Yamuna, the North and South ridge. An 
important recreational area is the Central Vista park which is one of the largest, 
extending on either side of Rajpath from Cenfral Secretariate in the west to National 
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stadium in the east. Another large area is located north of Kashmiri gate with ancient 
Qudsia garden at its core. Other recreational areas are Roshan ara garden, Buddha 
Jayanti park, Lodi Garden, Zoological park, Ram Lila grounds and area between Old 
Delhi railway station and Delhi Municipal Corporation and between Red Fort and 
Jama Masjid including old king Edward park. 
Land under public & semi public uses recorded to increase from 1.16 per cent 
to 1.31 per cent during 1992-2004. But in urban areas it became doubled and 
increased from 4.98 per cent to 10 per cent which includes government offices, 
educational and other public buildings. The largest areas under educational and 
academic use are Pusa institute in the west, Delhi University in the north and 
Jawahar Lai University in the south. 
As far as the agricultural land is concerned it has been observed that the 
pattern of agricultural land use has also been affected dramatically because of 
liberalization, globalization and consumerism. The countryside witnessed major 
reduction of agricultural area i.e. 44.89 per cent to 36.94 per cent during 1992-2004 
(Table 7.3 and Figs. 7.4 & 7.5). It is mainly due to the proximity to urban areas that is 
affecting the land use pattern in two ways. Firstly, the conversion of land for 
industrial and commercial purposes and secondly, change in the pattern of land use 
within agricultural sector under the impact of the demand from the urban core. 
The unending string of urban developments led to the agricultural land on the 
verge of losing their character altogether. The time seems to have arrived for them to 
be lost into the swelling mainstream of the life of an exploding urban area (Fig. 7.6). 
They are undergoing in some respects unpalatable and perhaps even a painful process 
of being rapidly drawn into the fold of a sprawling sophistication of the enlarging 
population of an insolent urban land that is rapidly increasing its numerical strength 
(Table 7.1). A sizeable part of agricultural land has been swallowed up by the urban 
expansion (Table 7.5). The problem is further aggravated due to large scale 
acquisition of the cultivable land, mushroom growth of unauthorized construction, 
shanty colonies and growing non- conforming uses in these areas'^ Another factor 
which plays dominant role in vanishing of agricultural land is the growing farm 
houses; these houses which serve as leisure homes for the rich people. These trends 
17. A Draft-An Assessment of Economic Drives of Land Use Change in Urban (SANEI'SSixth Round 
of Funded Project), Institute of Economic Growth, New Delhi, p. 7- 14. 
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are likely to be accelerated in the near fixture as many of the villages are subjected to 
under tremendous pressure. The habitat has been transforming in response to the 
housing needs of the numerous migrants with low income who find the rent levels in 
the villages less than that in the other planned areas. Moreover, the villages enjoy a 
special status and remain outside the purview of most town planning rules, the 
objective being to preserve the original identity of village life and its traditional 
values. There is thus no restriction neither on the type of construction erected nor on 
the type of activity conducted in these areas. Paradoxically, this special status has 
accelerated the transformation of the original village nuclei. It has encouraged their 
commercialization and the proliferation of small industrial workshops, by offering 
cheap working space at rents lower than that of recognized commercial or industrial 
zones to entrepreneurs. 
The manifold increase of economic activities has also attracted the working 
class, thus contributing to an increasing conversion of agricultural land into non-
agricultural land. Over the years, there has been a growing commercialization of land 
in and around the urban areas of Delhi. The government as well as private colonizers 
are exploiting the rich agricultural land for mass housing and for other developmental 
activities. The DDA has acquired more and more land at throwaway prices from 
farmers. It is estimated that during 1948-1989, about 93,234 acres of land has been 
acquired in Delhi. The wanton commercialization of land by both government and 
private agencies is reflected in the changing trend of land use in Delhi (Table 7.5). 
As a result, land put to non-agricultural uses has increased by 123.76 per cent between 
1960-61 and 2003-04. Likewise, the total cropped area is on declining ti-end. The total 
cropped area decreased by 50 per cent during 1960-01. The per capita availability of 
land was 0.94 hec. in 1951 which has drastically reduced to 0.33 ha. by 2001'^. The 
onslaught on agricultural land can be gauged by the fact that the net sown area in 
Delhi has decreased from 90,882 ha. in 1950-51 to 41,385 ha. in 2000-01. In addition, 
land (including fields with standing crops) in the west and north- west is being sold by 
farmers to colonizers who are offering higher prices than that of the value which 
farmers is expected to get either from the government or by practicing agriculture. 
18. Delhi Environmental Status Report, Dept. of Environment, Govt, of NCT, Delhi, 2000 p 
67-82. 
19. Economic Survey of Delhi 2005-2006, GNCTD, p. 168. 
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7.4. Morphological Pattern of Delhi and Dickinson's Scheme of Morphological 
Classification 
Delhi in its morphological pattern and ecological distribution is different from 
Western European or American cities because it is a socio-cultural unit strongly 
influenced by historical, political, religious and linguistic factors. The functions, 
physical distribution of its occupations and residences are markedly influenced by 
these factors. Dickinson's morphological classification is relevant to the study area to 
some extent as Delhi is centred round the historic core and it never ceased to be a part 
of the growing metropolis. Besides, the commercial core of the modem metropolis 
itself budded out from the historic core. 
The Western European cities according to Dickinson can be generally 
classified into three concentric morphological zones: 
1. "The central fiiUy build up zone which is the core of the modem city; 
2. the compact and fully middle zone that was erected mainly during the 
nineteenth century, 
3. the outer partly build up (suburban) in which urban and mral areas are mixed 
and to which urban areas have penetrated mainly during this century". 
The core of the city in Dickinson's classification includes the historic city and 
based on the assumption the city always grows from this historic core . Based on this 
classification the study area can be broadly divided into the following three 
morphological zones; 
(a) The Cenfral or fully build up zone 
(b) The Middle or compactly build up zone 
(c) The Outer or partly build up zone 
(a) The Central Zone: It occupies the core of the study area and includes old and 
New Delhi. It extends from 1-7 km from the historic core (Fig. 7.11). The former 
represents historical settlement and latter represents planned settlement. New Delhi is 
a political and administrative nucleus of the region having administrative buildings 
such as Parliament House, President House, Supreme Court and India Gate and also 
20. Alam, S.M, " Indian Cities and Western Theories of Urban Growth- An Empirical Appraisal", in 
Alam, S.M. and Pokshishevsky, V.V. Urbanization in Developing Countries (Ed.), Osmania 
University Press, Hydrabad, 1976, p. 455-473. 
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having residence of state ministers, important state officials etc. Old Delhi is 
characterized by historical buildings such as Red Fort, Jama Masjid. In these regions 
lies the city's central business districts containing its central functions such as 
banking, wholesaling, retailing, administrative, education and entertainment. The Old 
Delhi, occupied largely by middle and low income groups is the commercial nucleus 
and economically most dynamic part and has the highest density of the houses and 
people. This region is characterized by high land values and keen competition for 
parcels of land among different uses. Rapidly expanding commerce is pushing out 
residential use from the main thoroughfares and their adjoining areas and is 
encouraging vertical development of sites. Under economic pressure notable 
residences are being put to new and dynamic uses. In old Delhi most of the dwellings 
are old, dilapidated and shabby; they lack amenities of modem living and are 
insanitary. It is in this zone the historical walled city with its traditional economy and 
deteriorated residences is located. 
(b) The Middle Zone: this zone comprises of military quarters and elite and upper 
class residential areas that extends from 8-12 km. The quality of its residence is much 
better than in other part of the region and its resident density is below that of the 
cenfral part. The proportion of middle and upper income group is rapidly increasing in 
this zone. It is in this region that the shopping complexes of the city (a recent 
development) have emerged. Residential land use is gaining prominence and single 
storeyed houses with large compounds are fast gaining additional storey. All vacant 
plots are being build up. 
(c) The Outer Zone: it shows the sfrongest horizontal or lateral spread and is located 
peripherally to the east, north east and north west part of the study area between 13-20 
km. This includes large peripheral lands to the west and the east and smaller areas to 
the north and south. Development in this zone mainly took place after 1947. 
Settlements are mostly scattered and new residential complexes are emerging rapidly. 
This area is mainly inhabited by immigrants and different income groups dwell in 
various parts of this zone. To the east middle and low income groups dwell in small 
houses, to the north, west and south, there is a combination of different income 
groups. Residential areas in this zone are separated from one another by long 
distances and consist of both planned and unplanned neighbourhoods. Single storeyed 
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dwellings with small compounds are very common. Outside the build up areas, the 
cultivated lands are mostly devoted to vegetables and fruit farming. 
During the study it has been observed that the study area has a peculiar shape 
based on certain cultural and historical axes. The western generalized model of land 
use can not be found fully valid in this case because study area has been experiencing 
rapid technological changes and strong economic pressure which are evident from the 
spiraling of land value in central business districts and the growth of high rise 
buildings. This trend may shape differently the ecological structure of the study area. 
7.5. Changing Architectural Pattern 
It is the art and science of designing and constructing buildings and other 
physical structures. A wider definition often includes the design of the total built 
environment, from the macro level of how a building integrates with its surrounding 
man made landscape to the micro level of architectural or construction details and, 
sometimes, furniture. The term "Architecture" is also used for the profession of 
providing architectural services. Architects are primarily driven by the creative 
manipulation of mass, space, volume, texture, light, shadow, material, programme and 
pragmatic elements such as cost, construction and technology in order to achieve an 
end which is aesthetic, functional and often artistic. This distinguishes architecture 
from engineering design, which is driven primarily by the creative manipulation of 
materials and forms using mathematical and scientific principles . 
As far as the architectural characteristics of Delhi are concerned, it has been 
observed that the peculiarity of the structural outline of buildings is based on the 
history of centuries. It is blending of indigenous features and Islamic & Western style 
structure that divided its pattern into local and foreign lineaments. 
The principal public buildings of Delhi were built by Turkish, Afghan, 
Moghal and British rulers. The structural outline of buildings before the Muslim 
period was characterized by indigenous building techniques (highly decorated 
brackets and supporting beams). The basic construction technique was trebeat or 
'post' and 'beam'. Walls were built in solid masonry but interior spaces and opening 
were framed by posts (often gloriously carved columns) and beams, the length of the 
beams dictating the spacing of the columns and the size of the opening in the walls^^. 
21. http://www.wikipedia.org. 
22. Peck, L., Delhi-A Thousand Years of Building, Thomson Press, New Delhi, 2005, p. 10. 
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Later on Muslim dynasty (1193-1857) was established by the ruler 
Qutubuddin Aibek started with marvelous synthesis of indigenous building techniques 
and Islamic style feature ( true arch, open courtyards, tombs, domes and decorated 
post and beam doorways) commonly known as Indo-Islamic Architecture. The Slave 
dynasty (1193-1290), heralded the birth of Indo-Islamic architecture i.e. neither a 
local variant of Islamic art nor a modification of Hindu art, but it is an assimilation of 
both the styles, though not always in an equal degree. It is so because each region in 
India has its own form of Indo-Islamic architecture which varies from place to place 
and there is no standardization. On the other hand. Islamic art itself was a composite 
style, which had various Muslims influences-Turkish, Persian, and Arabic . 
The Qutab Minar, the Quwwat-ul-Islam mosque, the tomb of Iltutmish and the 
various monuments within the Qutab complex including the Alai Darwaza are the 
perfect specimen of architecture (i.e. Indo-Islamic style of architecture) belonging to 
the period of the Delhi Sultanate (1191 -1526). The fluted tower with floral patterns 
and Qur'anic inscriptions around in a flowing calligraphic style was the typical 
characteristics of the buildings of that period '^*. In fact, they introduced many new 
elements in the building style that was very much distinct from the already prevailing 
building style adopted in the construction of temples and other secular architecture. 
The main element is the introduction of arches and beams and it is the arcuate style of 
construction while the traditional Indian building style is trabeate, using pillars and 
beams and lintels. They also incorporated many elements from the traditional Indian 
style and a compound style emanated. The introduction of decorative brackets, 
balconies, pendentive decorations etc is an example in this regard. The other 
distinguishing features are the utilization of chhatris, tall towers (minars) and half-
domed double portals. As human worship and its representation are not allowed in 
Islam, the buildings and other edifices are generally decorated richly in geometrical 
and arabesque designs. These designs were carved on stone in low relief, cut on 
plaster, painted or inlaid. The use of lime as mortar was also a major element distinct 
from the traditional building style^^. 
It has been found that in the overall history of Muslim dynasties, the Moghals 
has gifted India with the premium and the most extravagant architecture and works of 
23. Ibid. 
24. http://www.mapsofindia.com. 
25. http://www.archaeologicalsurveyof india.org. 
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art. They brought with them new idea of architecture and decoration from Central 
Asia and Kabul that began with the emperor Babur in 1526. 
The buildings of the Moghal period reflect not only the architectural 
techniques and wealth but also their love for poetry, personality and other artistic 
inclinations. Moghal architecture has its origin in its religion, Islam. The concepts 
apparent in Islam like power, pleasure and death are reflected in the forts, durbars, 
mosques, tombs, gardens and so on. The whole Moghal architecture is a fine 
combination of so many local and foreign characteristics, which associates it 
universally with many distinct forms of architecture. This is a blend of Islamic, 
Persian and Indian architecture^^ (Plate No.7.3). 
There are many characteristics that distinguish Moghal architecture from 
previous styles. For instance, it includes perfect or near perfect radial or bilateral 
symmetry, red sandstone with white marble inlays, later pure white marble surfaces, 
geometric ornament, domes which are slighfly pointed instead of hemispherical ones 
and garden surroundings. In addition to the fine-cut stone masonry used for facades 
coursed rubble stone construction was used for the majority of walls. For the 
construction of domes and arches baked brick was also used although this was usually 
covered with plaster or facing stones. The design of gardens is one of the most 
important aspects of Moghal architecture which provided the setting for tombs and 
palaces and also helped for relaxation. The decoration of the buildings was basically 
done with ceramic tilework, pietra dura inlay with coloured and semi-precious stones, 
carved and inlaid stonework. Carved stonework is another interesting feature in the 
Moghal architecture, ranging from shallow relief depictions of flowers to intricate 
pierced-marble screens known as jalies. The stone quite often associated with the 
Moghal architecture is white marble^^. 
The influence of Persian and Hindu architecture on the Moghal architecture is 
evident from various examples. The ti-abeate stone construction, shallow arches made 
out of corbels rather than voussoirs and richly ornamented carved piers and columns 
are some typical Hindu feahires that have been incorporated in the Moghal 
architectiire. Other contructions like the chatris- a domed kiosk resting on pillars, 
chajjas and jarokhas- a projecting balcony supported on corbels with a hood resting 
on columns became a part of the Moghal characteristics. Extensive use of tile work, 
26. Peck, L., op. cit., 2005, p. 15-17. 
27. wikipedia.org/wiki/mughal_empire. 
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the iwan - a vaulted hall or space, walled on three sides, with one end entirely open as 
a central feature in mosques, the charbagh -the quadrilateral garden is divided by 
walkways into four smaller parts, and the use of domes are the features borrowed 
from the Persian architecture (Plate 7.5). 
Moghal architecture no doubts occupies a grand position in the history of 
Delhi architecture. The subsequent European colonization of India paved the way for 
the entry of new styles architecture. The architecture of the colonial period varied 
from early attempts at creating authority through classical prototypes to the later 
approach of producing a supposedly more responsive image through what is now 
termed Indo-Saracenic architecture (a mixture of Hindu, Islamic and Western 
elements). The British brought with completely new building forms such as 
bungalow, churches and railway stations thereby producing new domestic and 
commercial building types something that had not been so much prevalent in past 
Shifting of the capital of British India from Calcutta to Delhi in 1911 necessitated the 
building of the imperial city of New Delhi. The design of this city and its principal 
buildings was entrusted to Edwin Lutyens and Herbert Barker, both being architects 
well versed in the neo-classical tradition flowing from the European renaissance. The 
city layout was finalized by Lutyens in 1915. Their designs were expected to 
symbolize the grandeur and power of the British Empire as evident at the beginning of 
20"* century. The plan was derived from the best traditions of the European 
renaissance and was enlivened by an elaborate design of plantation composed of 
careMly chosen varieties of indigenous trees and other vegetation. The buildings and 
their compounds, as well as the roads, were laid out according to the very generous 
standards befitting an imperial city^ .^ 
On the whole, during the British period, two kinds of architecture (western and 
Indian architecture) were easily distinguished. Both by their built form and their 
decoration, although European features such as plaster and classic window surrounds 
can be found, indigenous buildings such as havelis follow the Islamic style of 
architecture and usually contain a courtyard often with a fountain in the centre, and 
also typical Indian architecture features were sometimes observed in European 
buildings. Adorning a roof with pretty chatris became a popular way of 'Indianising' 
an otherwise alien building such as sports stadium. Alongside the institutional 
28. Volwasen, A., Imperial Delhi: The British Capital of the Indian Empire, London, 2002, p. 12. 
29. Peck, L., op. cit., 2005, p. 284-285. 
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Plate No. 7.5. Moghal Architecture 
Plate No. 7.6. British Architecture 
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buildings came the bungalow, so very different from the indigenous Indian house. The 
British bungalow was distinctly un-urban; a sprawling, white painted, single story 
house with wide verandas that protected the interior living space. This was very 
similar to the dalan (courtyard) of Indian houses, palaces and mosques but instead 
facing into a courtyard, the veranda faced out onto a large garden compound, rather in 
the manner of a Moghal garden pavillion. Although in and around the walled city 
traditional havelis were still built (Plate 7.7), by the time the capital was transformed 
there were a considerable number of Indians whose housing was indistinguishable 
from that built for Europeans in style. This was sometimes by choice but often 
because that was all on offer. 
With the attainment of Independence, the idea of a unified and homogenous 
"Nation' became an ineluctable reality and manifested itself in many forms of artistic 
expression, not the least in the field of architecture. The imperative to modernize, the 
urgency to 'catch-up', of course, reinforced this idea. Independent India saw a 
considerable break in architectural style, caused by a rejection of colonial styles of 
architecture that was fairly conservative and the need for rapid construction. The 
desire for speed in production and minimized expenditure led to a utilitarian style of 
architecture generally involving schemes of considerable uniformity. Despite the 
uniformity, the estates are pleasantly and spacious laid out, far more extravagant of 
land than the equivalent privately developed plotted colonies. They are also entirely 
out of keeping with traditional Indian design, the layout of these colonies seems to be 
modeled on English garden suburbs, the architecture itself derives more from the 
European modem movement; horizontal windows and sunshades being the only relief 
in the rendered and painted wall surface. The trend towards buildings in a western 
style has been inexorable ever since, with numerous estates of public sector housing 
laid out in 'Garden City' style, perhaps architecturally more like a north European 
than English model. Private housing by confrast, is laid out in 'colonies' which are 
constrained by market forces-thus the very affluent have reasonable sized plots in 
exclusive areas while most of private sector is highly congested^°. Compared with 
public sector housing styles, the buildings in colonies such as Greater Kailash-11, 
Vasant Vihar and New Friends colony are wonderfully eclectic but are derived more 
from a wide range of European style than from any indigenous ones (Plate 7.8 & 7.9). 
30. Peck, L., op. cit., 2005, p. 288-295. 
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Plate No. 7.7: Traditional Havely 
PlateNo.7.8: Modem Housing 
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Plate No. 7.9: Modem Architecture 
More recently. Under market constraints different socio-economic groups 
were able to achieve different things, but the type of layout tends to be the same; the 
layouts was generally on a grid pattern with front and rear access to each plot (in low 
income colonies sometimes only front access) and a few blocks left free for small 
local parks. Most of this privately built housing suffers from moderate congestion, 
with individually built but attached housing on narrow plots with small front garden at 
best. In more elite colonies, like South Delhi, plots are larger, bigger private gardens 
and more neighbourhood parks. 
7.6. Transportation and Communication 
Delhi being a capital of India and international centre has acquired a distinct 
character and acted as a catalytic agent for a quick development of various modes of 
transport and communication from very ancient times. Lying on the way to the 
heartland of India, it has witnessed a continuous movement of immigrants from the 
north-west region, spilling over the vast stretches of land watered by the two river 
system-Ganga and Yamuna. Delhi was more than a transit camp to many of these 
migrants. It offered them a permanent place of residence and provided a vital link of 
communication between the Indus valley and the Gangetic plains. The observation 
made in the Draft Master Plan for Delhi in 1960 "that from a transport standpoint, 
Delhi constitutes a centre for a considerable portion of North-West India and an 
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urbanized area requiring inter-community movement of both persons and goods''^ ' 
would have been almost equally valid if it was made thousands of years ago. 
Mobility being a sine qua non of transport, it is easy to visualize the important 
part played by the various modes of conveyance used by the vast multitude of people 
who lived, worked or moved in this area throughout the ages. The passage of years 
has undoubtedly washed away the marks of the early transport system which obtained 
in Delhi. The elephant, cavalry and chariots no longer kick up clouds of dust on the 
metalled roads of Delhi today where the automobiles of latest design speed away in 
the twinkling of an eye. 
7.6.1. Early Growth: hidraprastha, the legendry capital of the Pandavas, was 
connected by road with many important towns situated in the belt stretching from the 
north-west to the Ganga delta in the Bay of Bengal. As time rolled on, Delhi began to 
have important road links with Taxila in the north-west, kurukshetra in the plain of 
the Punjab, Hastinapur near Meerut, Kausambi on the bank of the Yamuna near 
Allahabad and Kasi. Active trade and commerce between these towns laid the 
foundation of the northern trunk route running across the sub-continent from the 
north-west to the east. During the Mauryan period the route was further developed 
and numerous off-shoots came into existence^ .^ The main route ran from the Ganges 
delta to Kausambi via Patliputra and Varanasi. 
As an important cenfre of Hindu empire Delhi's transport system flourished 
till the end of the 12* century afterward it passed into the hands of Muslim 
conquerors. But Delhi's importance as the nerve cenfre of the country could not be 
ignored by the Muslims who made it the capital of their empire until it crumbled in 
the 18* century. The massive and magnificent buildings constructed at this time bear 
evidence to the bee-like fransport activity that must have been necessitated in the 
collection of materials and construction of these huge structures. 
The main roads of Moghal India show Delhi's pivotal position in the network 
of roads which ran throughout the coimtry. At that time Delhi was connected by road 
with Kannauj, Gwalior, Dhar, Amroha and Daulatabad. Most of these roads were 
provided with free plantation, rest houses, postal stations and steep wells. Among the 
roads mainly traced are: Agra-Delhi, Delhi-Lahore, Delhi-Ajmer, Delhi Bareilly-
31. Delhi Gazetter, Delhi Administration, Delhi, 1976, p. 407-409. 
32. Ibid. 
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Varanasi-Patna and Delhi-Kot. Nineteen other highways, though not originating from 
Delhi, enabled the city to maintain its communication with a large number of towns. 
Moreover, Delhi occupied an important link in this historic Grand Trunk Road made 
by Sher Shah. 
The transport system developed by the Moghals was made of much use of by 
the East Lidia Company in its early days. Lord William Bentick steps during 1830-
1835 to have a permanent trunk road from Calcutta to Delhi. In the later half of this 
19* century, Delhi saw the coming of the railways and postal services. Metalled roads 
were built to link various parts of the city. Goods and commodities started coming in 
from different places and Delhi once again became one of the largest commercial and 
cultural centre of north and north-west India. 
7.6.2. Before Independence: The Punjab Gazetteers (1912) Volume V 'A' gives the 
following statistics regarding to commimication in Delhi District-Railways 
(Approx. 175 kms). Metalled Roads (Approx. 204 kms), Uimietalled Roads (Approx. 
480), Navigable Canals (Approx. 109 kms.). Rivers (Approx. 115 kms.). In 1912, as 
many as six railway companies were exercising their joint right over Delhi station 
which was then the largest jxmction in northern India. Excluding a few cross roads, the 
metalled roads of Delhi district in 1912 were; The Grand Trunk road Delhi-Kamal 
(approx. 61 kms.). The Delhi- Rohtak Road (26 kms). The Delhi- Gurgoan Road (29 
kms) and The Delhi- Agra Road (51 kms)^ .^ 
The Delhi Transport Enquiry Committee, which submitted a report in 1939 
recommending the arrangement for public transport took note of the transport 
facilities obtaining at that time. There were 193 motor taxis cabs registered in Delhi 
including 35 vehicles of a superior type attached to certain hotels. The motor cab 
catered only "for a very small moneyed section of the Delhi public". The main form 
of privately owned fransport available to the Delhi public was one-horse Tongas. In 
late thirties public transport within the Delhi urban area as distinguished from 
privately owned transport was provided solely by the Delhi Electric Supply and 
Transport Company which included electrically propelled trams running on fixed 
rails, trolly buses propelled by electricity and petrol engine motor buses running 
between the Civil Lines Notified Area, Delhi City and New Delhi. 
33. Ibid. 
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7.6.3. Independence and After 
After independence two adjacent cities-Delhi and New Delhi have developed 
separately instead of growing into one unit. Even today, the main connecting road 
between Delhi and New Delhi is passing through the Delhi Gate, known as Netaji 
Subhash Marg- Elgin Road and Lothian Road. 
7.6.3.1. Road Transport 
The Grand Trunk Road, connecting north-west India and the Ganges valley, 
crosses the Yamuna river near Delhi on the lower level of the railway bridge between 
the Red Fort and Shahdara. The Delhi, in the meanwhile, has become a focal point of 
five national highways (Fig. 7.8) described below: 
1. National Highway No. 1 Delhi-Panipat-Ambala-Jalandar-Amritsar 
2. National Highway No.2 Delhi-Mathura-Agra-Kanpur-Allahabad-Varanasi-
Mohanbari-Calcutta. 
3. National Highway No. 8 Delhi-Gurgaon-Jaipur-Ajmer-Udaipur-
Ahmadabad-Baroda-Bombay 
4. National Highway No. 10 Delhi-Rohtak 
5. National Highway No.24 Delhi- Lucknow 
These highways have been serving Delhi for a long time as arteries of trade 
and commerce. It is connected by road with the important cities of India like Agra 
(240 kms), Ajmer (442 kms), Amritsar (456 kms), Bhopal (768 kms), Bombay (1,413 
kms), Calcutta (1,435 kms.), Chandigarh (246 kms.) Hardwar (201 kms.), Hyderabad 
(1,693 kms.), Jaipur (306 kms.), Kanpur (425 kms.), Lucknow (492 kms.), Madras (2, 
312 kms.), Nagpur (1,076 kms.), Shimla (344 kms.), Udaipur (729 kms.) and Varanasi 
(750 kms.). Delhi is linked with the neighbouring towns by five roads-Najafgarh -
Delhi Road, Narela-Delhi Road, Mehrauli-Delhi Road, Shahdara- Delhi Road, and 
Okhla-Delhi Road. 
The villages of Delhi are easily accessible as network of high ways, major 
roads and other roads criss-cross the rural areas. The kuchha (non-metalled) roads are 
quite small in length and they are only serve connecting roads to the main roads. 
Almost all the villages in Delhi can be reached through Delhi Transport Corporation 
or private bus service. Bullock cart and hand carts fi-equently ply between the rural 
and urban areas, transporting the agricultural produce fi-om villages to the urban 
market. Auto-rickshaw and truck are also in frequent use. A very large number of 
rural population uses cycles as a mean of transport for carrying out their activities in 
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the city. 
7.63.2. City Roads 
The limited access between old Delhi and New Delhi is a basic factor in road 
traffic situation in Delhi. New Delhi was originally planned as a capital centre with 
the system of roads radiating fi-om Cannaught Circus with the little regard for 
highway connection with old Delhi. The Delhi-Agra broad-gauge railway line 
dividing the two areas has only two road under-passes at Minto Bridge and at Tilak 
Bridge. Traffic jams occur at these two places because the two cities have now tended 
to merge under the impact of sweeping changes taking place since August 1947. A 
network of roads covers Delhi-Old and New Delhi has five main roads- the 
Shradhanand Marg, Shyam Pd Mukherjee Marg, Netaji Subhash Marg, Eldin-
Lothian-Alipore Road, Chandni Chowk and Chawri Bazar Road. Starting fi-om 
Ajmeri Gate the Shradhanand Marg ends at the Shyam Pd Mukherjee junction. This 
road is of great importance because it accommodates the Delhi wholesale grain 
maiket. The Netaji-Subhash-Sham Nath Marg stretches fi-om Kashmiri Gate to the 
Mall. Chandni Chowk links up Elgin Road jimction to the Fatehpuri Masjid. It is the 
busiest road in the old city. Chawri Bazar runs inside the heart of the city as it starts 
fi-om the Jama Masjid and Lai Kuan Road at the Hauz Kazi junction. 
7.6.3.3. Road Pattern 
The pattern of roads in two Delhis has been developed independently of each 
other. In Old Delhi the roads were originally laid primarily for pedestrians and 
animal-drawn carts. These roads have varying width and shape so as to make slow 
movement of people and carts easy and natural. Except the Civil Lines, the residential 
areas have very poor street connections. With the passage of time and growth of 
automobile traffic, many of these roads have reached and sometimes crossed the 
saturation point. 
7.63.4. Length of Highways/Roads 
Delhi had 1922.32 km of road length per 100 sq. km. area in 2001-02 as 
compared to national average of 74.73 km. per 100 sq. km. area (2001-02). The road 
network has increased fi-om 8380 km. in 1971-72 to 30923 km. (including 182 km. of 
National Highways with PWD and excluding highway of NHAI) in 2006-07^''. 
34. Economic Survey ofDelhi-2007-08,GNCTD, p. 140-141. 
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To overcome the problem of heavy traffic congestion and reduced vehicle speed and 
to provide uninterrupted movement of traffic, a special programme to construct 
flyover was started in 1989-99. During the 9"" five year plan, 11 flyovers/ ROB/ 
Grade Separators have been constructed by various agencies (PWD, DDA, DTC & 
MCD). To cater to the growing needs of single fi-ee movement of traffic, there is 
proposal to construct 45 flyovers and 27 bridges by PWD, DDA & DTC during the 
10* Five Year Plan. MCD is also planning to take up 21 new projects of ROB/ 
RUB/Grade Separators on busy intersections or railway crossing during the Tenth 
Five Year Plan. 
7.6.3.5. RaUway 
From the transport and communication view-point, Delhi has always been an 
important passenger terminus and main link between the Ganges valley and north-
west hidia (Fig. 7.9). It was opened to railway traffic on January 1, 1867 after the 
completion of the bridge over the Yamuna by the East Indain Railway. The Delhi-
Ambala-Kalka railway was opened on March 1, 1891. The completion of the Delhi-
Rohtak-Jind-Bhatinda line in 1897 and the opening of the Agra-Delhi chord of the 
Great Indian Peninsula Railway in 1904 made Delhi station the largest railway 
jvmction in northern India. 
At present railway is catering to 1 percent of the total traffic^^ The ring rail 
networic in Delhi is grossly underutilized. With the commencement of all three 
corridors of MRTS-Phase 1 i.e. Shahdara-Rithala, Vishwavidyalaya-Central 
Secretariate and Barakamba Road-Dwarka, having a total length of 62.20 km, public 
transport in Delhi has witnessed perceptible change as more than 4.5 lakh passenger 
trips are being covered by metro. Delhi is a major junction on the rail map of India 
linked with all the major metropolitan cities directly. There are four main railway 
stations at New Delhi, Old Delhi, Hazrat Nizamuddin and Sarai Rohila, besides 
Container Depots at Patparganj and Tuglakabad. There are 8 rail corridors in the 
National Capital Territory, which bring in more than 350 passenger trains and 40 
goods trains every day. 
7.7. Social Morphology 
In the wake of urban development, not only the physical morphology has been 
changing but also the social morphology has also undergoing drastic transformation 
35. Economic Survey ofDelhi-2005-06,GNCTD, p. 133-134. 
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which is observed mainly in different socio-economic attributes such as types of 
dwelling, family structure, marriage, kinship, economy and social values etc. 
7.7.1. Types of Dwelling 
Despite the rapid changes in morphological characteristics, types of dwellings 
have also experienced phenomenal changes. Fig. 7.10 indicates that till 1961 the 
kuchha and semi-kuchha single floor houses with open space in the front and back 
were found very common in rural Delhi. In the urban areas, one or two storeyed 
houses were observed widely during the same period. Most of them had spacious well 
ventilated rooms with spacious lawn and are generally inhabited by one or two 
families. Presently, the multi-storeyed houses are a common feature all over the Delhi 
(Fig.7.11). On the basis of predominant material of roof, 54.70 percent houses are 
concrete followed by stone (27.90 percent), G.I. metal, asbestos sheets (7.20 percent), 
grass, thatch, bamboo, wood, mud (3.30 percent), plastic & polythene (2.60 percent) 
slate (1.6 percent) tiles and others (0.8 percent)^^. 
The housing pattern of rural area of Delhi is largely conditioned by the socio-
economic condition of the households and the availability of the building material in 
and around the village. In the same village, one may find beautiful double storeyed 
houses and also poorly built mud hut with thatched roofs. On the basis of the purpose 
for which structure is used, it may classified into three categories, viz., house (ghar), 
sitting room {baithak) and cattle shed (gher). The house serves as the residential 
structure for all members of the family. Here food is cooked and household goods are 
kept. It is mainly meant for the females, and except for the male member of the family 
itself, no outsider has access to it. The sitting room is meant for the exclusive use of 
the male members of the family; the female members being not expected to go there. 
It also serves as a sort of guest house. Generally, the sitting room is constructed away 
from the residential house, though it can be adjacent to the later also. The cattle shed 
is generally constiaicted in the open yard of the residential house. It is provided with 
pegs to tie the animals and manage to feed them. It may, however, be added that a 
particular structure need not be exclusive; it may be used for more than one purpose, a 
house may also include a cattle shed, a sitting room or both. 
On the basis of the material used in their construction, the houses can be 
divided into three categories, viz., kuchha, pucca and mixed. A kuchha house is made 
36. Census of India 2001, Series 8, Table on House, Household Amenities and Assets, Director of 
Census Operation, p. 41-42. 
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of mud walls with the roof covered with straws. In the case of a pucca house, burnt 
bricks with mud, cement or lime constitute the wall material, while stone slabs or 
bricks are used with inlets to cover the roof The floor may be paved with bricks or it 
may be left kuchha. Lastly, a mixed house may have its walls kuchha and roof pucca 
or vice-versa ''. 
Houses in the urban Delhi are found variedly in terms of size, shape, plan, 
style and design and may be grouped into several types according to the number of 
floors such as single-storeyed, multi-storeyed, old tenement and shacks etc. The 
multi-storeyed houses are found all around the study area. In size, each complex is 
generally big; having 50-60 rooms, with about 15 rooms on each floor. The ground 
floor and basement is used for business and commercial purposes while the rest is 
used as residence. In some cases, each floor in a block of multi- storeyed complex has 
3-5 flats, containing one bedroom set, two bedroom set and more than three bedroom 
set which accommodates many people in it. While this type of houses lack fresh air 
and light and have no open spaces or yards. 
The next type are the one storeyed houses, generally consists of two rooms, a 
balcony, kitchen, bathroom and lavatory. There are lawns and open spaces between 
the groups of houses. But in the old areas, many of these houses lack basic amenities. 
Most of the houses have spacious well ventilated rooms with spacious lawns around 
them. They are generally inhabited by one or two families, each occupying one floor. 
The other type is single floor big types of houses have spacious living rooms, wide 
verandahs and lawns, both in the front and back. They are mostly occupied by single 
families. The single floor houses have 2-4 bed-rooms with attached baths, a big 
drawing-room, separate accommodation for servants built generally over a garage and 
lawn in the front. Mostly they are occupied by single families. Moreover, the old 
single floor bungalow type houses are also located in different parts of Delhi 
especially in the Civil Line area. Each house is big with spacious lawns both in the 
front and back. The outer house in each bungalow is used either as garages or as 
living quarters for servants. 
Passing on to the single floor houses, the old tenement type. Each house of this 
type has a row of rooms, about 5 or 6, each room being occupied by the family. 
Mostly there is no verandah, the front door opening directly into the narrow lane. 
37. Delhi Gazetteer, Gazetteer Unit, op. cit, 1976, p. 180-185. 
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The last type is that of shacks which are may be seen in several areas of Delhi. 
Each shack consists of one room only and is occupied by a single family. Sometimes, 
a common back wall is used to construct a row of shacks. A good many unauthorized 
colonies that have sprung up at many open spaces all over Delhi with small thatched 
huts, may also be mentioned in this connection. They are known as Jhuggi-jhonpri 
colonies. 
7.7.2. Family Structure 
In the wake of morphological changes, the family structure in Delhi has also 
been changing rapidly. The common family type found in Delhi is the nucleus family. 
It consists of the husband, wife and the children. Sometimes, the old parents or an 
unmarried brother or sister may also live with them depending on the son's income. 
On the other hand, through necessity a married son and his children may also stay 
with the parents till he can afford to let them start a separate establishment. Thus, in 
urban Delhi, the traditional Hindu joint family is rare, though one may sometimes 
come across a loose type especially among the business classes in the city. In such a 
case, all the married sons live together but keep a separate purse and sometimes 
separate kitchen also, making common cause on social ceremonial occasions. 
In rural areas also, the number of nucleus families is larger than that of the 
joint families. In the case of joint families generally the eldest male member is the 
head of the family; all the land and property of the family being recorded in his name 
His influence prevails on all other members of the family and decisions taken by him 
are final in all matters connected with the household. In such cases, all the brothers 
live together and farm the land jointly. But the joint families are now disintegrated 
rather rapidly. Earlier, a family often split up after ttie death of the father when the 
brothers sought separation and division of property. But now separation between 
fathers and sons is quite common. The reasons behind is to avoid tensions, quarrelling 
and bickering. The growing individuality, lack of space in urban areas, the rise of 
living costs, migration to urban areas in search of employment and the influence of 
West have cumulative effect on social values, thus leading to the disintegration of 
joint families. 
7.7.3. Caste System 
Owing to rapid urban development, the social hierarchy of the Indian society 
where the place of Brahmin lies at the top, Kashtriyas and Vaishyas at the second and 
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third order and Sundras at the lower strata of the society are rapidly disintegrating. 
Both spatial and functional segregation has been diminishing. The segregation notion 
of caste such as purity, pollution and untouchablity that was the determinant of the 
spatial arrangement of their respective dwellings is gradually losing its force. Now it 
has become common phenomena that people from every section of the society 
irrespective of caste and creed work together without any social inhibition. In every 
sphere of life they are found very close and work in harmony. Different pattern of 
religio-ritual distances among castes and various sub castes have been found 
minimizing due to secular outlook of the society especially with respect to functional 
ties. There is a functional inter-dependence that generates an atmosphere of co-
operation in which caste barriers are meaningless and status is determined more by 
economy class rather than by birth. Being a member of caste or sub caste does not 
have the same meaning in the contemporary world. Caste sanctions have also become 
weak and do not operate with the same force. The ritual interdictions and injunctions 
related to food and physical contact have almost vanished. 
7.7.4. Social Values 
Social values play an important role in solidity and integration of the people. It 
binds the people through invisible threads. Now the web of social relationship is 
disintegrating day by day because of iirbanism and individualism. The old social 
structure and social relationships have begun to change as people adopted values, 
attitudes and customs much different from that of traditional. Increased social and 
physical mobility have xmdermined the familial ties and values that subordinated the 
individual to the kin group. Many young people prefer to live separately just after 
marriage rather than live with their parents. The spread of the individual household 
encouraged the detachment of the individual from the responsibility of the extended 
family. Subsequently, this led to increased social insecurity among the dependents-
aged old parents. A new form of institution, association and behavioural pattern has 
come into existence. Cultural pattern have undergone a qualitative change and 
cultural life has become heterogeneous, individualistic, flexible and dynamic. 
7.7.5. Occupational Structure 
From the economic point of view, the occupational structure of both rural and 
urban areas has also not escaped from being influenced by urban development. From 
the past few decades due to various economic and social changes like spread of 
education, increasing contacts with urban areas etc., there have been significant 
268 
changes from traditional to non-traditional occupations. The economy has 
significantly changed and occupational profile is now strikingly different. Great 
vertical and horizontal mobility is promoting alternative opportunities. There is a 
better scope of employment as there is literacy, mobility, specialization and division 
of labour. The association between cast and occupation is more or less a thing of the 
past. The relations of Jajmani have been fully replaced by market relationships. To 
some extent it is maintained only at ritual level. The most important feature of class 
structure is that all the classes have now come to live as an integral part of a single 
national economy and under a single state regime. 
The process of occupational change has fiirther been hastened as people from 
different castes are taking to non-traditional occupations. Earlier, most of the schedule 
castes were solely dependent upon the agriculture for their livelihood. They were 
either working on the Jajman basis (a system of social, cultural and economic ties 
between different caste families. Each village was divided into two broader groups— 
jajmans and service provider castes. The service providers were usually paid in kind 
and/or cash. Extra remuneration was customarily paid on auspicious occasions and 
festivals. This relation of jajmani ties was supposed to bind various caste families into 
a hereditary and permanent relationship. Land owning jajmans came from upper 
castes like Brahmans, Rajputs, Patels, Patnaiks, Marathas, Reddys, Lingayats, 
Mayors etc. while the service provider castes came from middle and lower level castes 
like A/aw, Kumhar, Lohar, Sonar, Barhi, Tamoli, Dhobi etc.) or as landless laborers 
etc. Taking to non-traditional occupations has brought them more stability for, as 
agricultural labourers they had to simple depend upon the landowners in the villages, 
who at best were able to provide them with only seasonal employment and the 
remunerations-either in cash or in kind. Presently, they work in factories and different 
offices and earn more than what they received from their previous job. In urban Delhi 
also, new economic and professional classes have come into force. Affluent business 
magnets, industrial tycoons, engineers, doctors, members of the administrative 
services and learned professionals, enjoy more status and prestige than the traditional 
landed rais (Well of people). The sophisticated classes that have thus emerged due to 
the influence of western education and modem technology are discarding the age old 
caste and other traditional restrictions and are trying to live in two cultural worids, the 
East and the West. 
O/cn 
It can be concluded from the above discussion that Delhi is rapidly becoming 
urban with associated morphological changes such as changing distribution of rural 
and urban areas, land use pattern, morphological characteristics, transportation & 
communication system and social structure etc. These changes are found very 
dynamic and continue to be so as the population pressure increases. It has been 
observed that urban population accompanied with other developmental activities has 
led to urban sprawl that has induced land use changes and transformation of social 
structure. Thus the hypothesis third which states about positive relationship between 
increase in the urban area and its population growth is fiiUy accepted. Similarly, 
fourth hypothesis that relates distribution of land and its intensity with rate of urban 
development is also accepted. Hypothesis fifth that states about relationship between 
change in physical morphology and social morphology is also accepted. 
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!Hbnsefiolif (Environment and its Impact 
on Human HeaCtfi: A SpatiaC 
JinaCysis 
A clean, decent and safe home is the fundamental aspiration of majority of the 
people as it creates the greatest and most immediate influence on the physiological 
and psychological development of residents and also determines the quality of lives of 
the individual'" .^ The process of urban development has an impact on physico-cultural 
& socio-economic environment of the regional at macro (global or country level), 
meso (regional level or city level) as well as micro levels (household scale). At micro 
level it is concerned with the problems related to house and its inmiediate 
surroundings. The far reaching consequences of urban development at micro levels 
are reflected in the nature of overcrowding of people, high density of buildings, 
increasing room density and different type of indoor pollutions etc. 
In Delhi, the higher proportions of residents live in the areas of traumatic 
environmental conditions. In fact, this constitutes the basic problems faced by the 
inhabitants of Delhi. A severe strain has been felt particularly in housing condition, 
water supply, sanitation, waste management and indoor environmental pollutions-air, 
water, noise and solid waste etc. 
In this chapter, an attempt has been made to analyze the selected household 
problems especially housing condition, water supply, sanitation, indoor environmental 
pollution and its effect on the residents. For this purpose, thirty two wards from 
twelve zones that are divided into four categories on the basis of density have been 
selected and from each ward 1 per cent household based on random sampling has 
been taken into consideration. These wards are considered the representative of the 
concerned zones (Table 8.1 & Fig. 8.1). For the analysis, data have collected from 
field survey. The collected data have been organized, moderated, tabulated and 
analyzed with suitable statistical techniques and portrayed in graphs, diagrams and 
maps. Two methods are used to examine the household environmental quality and its 
impact on the residents. To establish a relationship between household environmental 
quality and human health the Karl Pearson's Coefficient of Correlation technique has 
been used. In order to measure spatial disparities, the standard score additive model or 
Z score has been used to develop a composite score for each set of indicators in order 
to arrive at the general housing, environmental and health conditions as a whole. 
1. Thangval, C , Jayapal, P. and Kulkami, K.M., "Spatial Patterns of Some Infectious Diseases-A 
Case Study of Ahmedabad City", in Yadav, C.S., (Ed.) Contemporary Urban Issues, Concept 
Pub]. Company, New Delhi, 1987, p. 235. 
2. Sanoff, H., "Stress and Density in the Residential Environment", Ibid., p. 75. 
3. Victor, C.R., "Housing Stress and Social Stress: A Study of Nottingham C.B.", Ibid., p. 61-73. 
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8.1. General Characteristics of the Respondents 
The general characteristic features of the respondents have been analyzed in 
term of sex, family size and economic condition. In the survey undertaken, 40.92 per 
cent are males and 59.08 per cent are females. The percentage of female respondents 
is high because most of the respondents are housewives. During field survey 
housewives are preferred as they stay at home for longer hours and thus, can best 
judge the household problems. As far as the family size is concerned, 7.44 per cent of 
the respondents are having family size less than four person, followed by 9.35 per 
cent, 30.40 per cent and 52.80 per cent having family size >9, 7-9 and 4-6 persons 
respectively. As far as the total monthly income of the family is concerned, it has 
been observed that 33.54 per cent, 28.23 per cent, 23.06 per cent and 15.17 per cent 
have the monthly income of 10,000-20,000, <10,000, 20001-30,000 and >30,000 
respectively. 
A comparative study of family size and monthly income in different density 
areas reveal contrasting feature. Table 8.2 and Figs. 8.2 & 8.3 depict that in low 
density area 47.14 per cent of the households reported for 4-6 family members 
followed by 34.18 per cent (7-9), 12.16 per cent (>9) and 6.52 per cent (<4). In the 
case of medium density areas, the family size of 4-6 person is appear to be very 
common i.e. 61.31 per cent, while 7-9, <4 and >9 family members are 19.63 per cent, 
15.68 per cent and 3.37 per cent respectively. In high density areas nearly half of the 
respondents (48.34 per cent) have 4-6 family members followed by 7-9 (31.83 per 
cent), <4 (11.82 per cent) and >9 (8.01 per cent). Family size 7-9 appears dominating 
(36.01 per cent) in very high density areas, while 4-6, >9 and <4 share 43.22 per cent, 
11.05 per cent and 9.72 per cent respectively. During the study large family size has 
been observed both in very high density areas and low density areas due to different 
reasons. In low density areas it is related to the trend of joint family system whereas 
in very high density areas it is mainly due to Muslim community which prefers to 
have a large family size. 
As far as the economic condition is concerned, in low density eirea nearly 37 
per cent of the respondents has reported for total monthly income between 10,000-
20,000 followed by 23.84 per cent (<10,000), 22.84 per cent (20-30,000) and 16.43 
per cent (>30,000). The poor economic condition is attributed to the fact that most of 
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the farmers in this area have develop the tendency to sale their agricultural land to 
contractors or builders for residential complexes, industrial purposes, construction of 
cold storage and for nursery plantation. As a result, they are left with small land 
holdings which are not economically viable. Most of them work as a daily wagers in a 
factory, cold storage or at farm or run small business. Some households have also 
been found to retain agricultural activity in the form of dairy farming. 
In case of the medium density areas the economic condition is found 
comparatively better where 30.01 per cent of the respondents have an income of 
20,000-30,000 per month followed by 29.73 per cent (10-20,000), 21.05 per cent 
(<10,000) and 19.21 per cent (>30,000). 
In high density areas the monthly income between 20,000-30,000 got the 
remarkable share of 33.82 per cent whereas a monthly income of > 10,000, >30,000 
and 10,000-20,000 reported by 29.83 per cent, 20.01 per cent and 16.34 per cent 
respectively. 
Similarly, in very high density areas 33.57 per cent of the total respondents 
have reported for income level > 10,000 per month, followed by 27.73 per cent (10-
20,000), 23.35 per cent (20-30,000) and 15.35 per cent (>30,000) respectively. 
8.2. Housing Conditions 
"Housing" in the modem concept includes not only the 'physical structure' 
providing shelter, but also the immediate surroundings and the related community 
services and facilities. It has become part of the concept of "human settlement" which 
is defined as "all places in which a group of people reside and pursue their life goals. 
A WHO Expert Group 1961 on public health aspects of housing prefer to use the term 
"residential environment" which is defined as the physical structure that man uses and 
the environment of the structure including all necessary services, facilities, equipment 
and devices needed or desired for the physical and mental health and the social well 
being of the family and the individual'*. 
An Expert Committee of WHO and American Public Health Association 
recommended the criteria for healthful housing '^ .^ (a) provides physical protection 
and shelter; (b) provides adequately for cooking, eating, washing and excretory 
fimctions; (c) is designed, constructed, maintained and used in a manner such as to 
4. WHO, Tech. Rep. Sen, No. 225, 1961. 
5. WHO, Tech. Rep. Ser., No. 544, 1974. 
6. American Public Health Association, American Journal of Public Health, 59, 841,1959. 
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prevent the spread of communicable diseases; (d) provides protection from hazards of 
exposure to noise and pollution; (e) is free from unsafe physical arrangement due to 
construction or maintenance and from toxic or harmful materials and (f) encourages 
personal and community development, promotes social relationships, reflects a regard 
for ecological principles and by these promotes mental health. 
The standards of housing in India are those recommended by the Environment 
Hygiene Committee (EHC)^  are as below: 
Site: (a) should be elevated from its surroundings so that it is not subjected to 
flooding during rain (b) should have an independent access to a sfreet of adequate 
width (c) should be away from the breeding places of mosquitoes and flies (d) should 
be away from nuisances such as dust, smoke, smell, excessive noise and fraffic (e) 
should be in pleasing surroimdings and (f) the soil should be dry and safe for founding 
the structure and should be well drained. 
Set Back: For proper lifting and ventilation, there should be an open space all 
around the house-that is called set back. The build up area should not exceed two-
third of the total area and the set back should be such that there is no obstruction to 
lighting and ventilation. 
Floor: the floor should be cemented and satisfy the following criteria: (a) should be 
impermeable so that it can be easily washed and kept clean and dry (b) must be 
smooth and free from cracks and crevices to prevent the breeding of insects and 
harbourage of dust and (d) should also be damp-proof. 
Walls: the wall should be (a) reasonably strong and smooth (b) have a low heat 
capacity (c) weather resistant (d) unsuitable for harbourage of rats and vermin and (e) 
smooth and not easily damaged. 
Roofs: the height of the roof should not be less than 10 feet in the absence of air-
conditioning for comfort. The roof should have a low heat fransmittance coefficient. 
Rooms: the number of living rooms should not be less than two, at least one of which 
can be closed for security. The number and area of rooms should be increased 
according to size of family so that the recommended floor space per person is made 
available. The accepted standards are: 1 room- two person, 2 rooms- three persons, 3 
rooms- five persons, 4 rooms- seven persons and 5 or more rooms-ten persons. 
7. Govt, of India, Report of the Environmental Hygiene Committee, Ministry of Health, New Delhi. 
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Floor Area: the floor area of a living room should be at least 120 sq. ft. for 
occupancy by more than one person and at least 100 sq. ft. for occupancy by a single 
person. The floor area available in living room per person should not be less than 50 
sq. ft.; the optimum is 100 sq. ft. The accepted standards are: 110 sq. ft. or more-2 
persons, 90-100 sq. ft.-l'/i persons, 70-90 sq. ft.-1 person, 50-70 sq. ft.- V2 person and 
under 50 sq. ft.-nil. 
Cubic Space: unless means are provided for mechanical replacement of air the height 
of rooms should be such as to give an air space of at least 500 c. ft. per capita, 
preferably 1000 c. ft. 
Windows: (a) unless mechanical ventilation and artificial lighting are provided, every 
living room should be provided with al least two windows and at least one of them 
should open directiy on to an open space; (b) should be placed at a height of not more 
than 3 feet above the ground in living rooms, (b) should be 1/5* of the floor area. 
Doors and window combined should have 2/5* of the floor area. 
Lighting: the day light factor should exceed 1 per cent over half of the floor area. 
Kitchen: every dwelling must have a separate kitchen. The kitchen must be protected 
against dust and smoke; adequately lighted; provided with arrangements for storing 
food, fiiel and provisions; provided with water supply; provided with a sink and fitted 
with arrangements for proper drainage. The floor of the kitchen must be impervious. 
Garbage and Refuse: these should be removed fi-om the dwelling at least daily and 
disposed of in a sanitary manner. 
Bathing and Wasliing: the house should have facilities for bathing and washing 
belonging exclusively to it and providing proper privacy 
Water Supply: the house should have a safe and adequate water supply available at 
all times. 
Keeping in view these indicators of housing, a detailed study of the housing 
conditions i.e. general characteristics of the house, morphological aspects of tfie house 
and facilities in the house of the respondents of selected wards have been carried out. 
8.2.1. General Characteristic of Respondent's House 
General characteristic of the house have been analyzed in terms of status, type and use 
of the house. Table 8.3 shows that out of the total respondents 66.75 per cent posses 
their own home, 26.42 per cent live in rented house and only 6.83 per cent occupy the 
government house. As far as structural characteristics of the house are concerned, it 
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has been observed that only 34.74 per cent of the respondents reside in single storeyed 
houses whereas a large number of respondents live in multi- storeyed houses i.e. 
65.26 per cent. Concerning the use of the house, it observed that 70.31 per cent is 
residential, 20.91 per cent is residential cum commercial and only 7.78 per cent is 
residential cum industrial in characteristic. 
The comparative account of aforesaid attributes in different density areas 
reveals much contrasting features. In low density area, 52.98 per cent respondents 
have their own house and only 33.18 per cent live in rented house and a very small 
proportion (13.84 per cent) of respondents occupies government houses. It has been 
found that in rented house mainly migrants are living. In this area, 41.06 per cent of 
the total houses are single storeyed and 58.94 per cent are multi storeyed (Fig. 8.6). 
Most of the houses are used for residential purposes (i.e. 67.71 per cent) and rest of it 
is used as residential cum conmaercial and residential cum industrial purposes which 
are consisted of 20.02 per cent and 12.26 per cent respectively. In this area the reason 
behind the large number of residential use of the house and the single storeyed houses 
are the availability of large space. The residents prefer to have separate work and 
residential places. 
In case of the medium density areas, out of the total sampled house about 80 
per cent of the respondents have their own house and 20 per cent live in rented house. 
The percentage of single-storeyed houses is comparatively low (30.52 per cent) 
whereas multi-storeyed houses have a large share (69.48 per cent). The houses in this 
area are mainly residential in character (59.89 per cent) followed by residential cum 
industrial (25.21 per cent) and residential cum commercial uses (15.45 per cent). 
In high density area 70.73 per cent of the respondents live in owned house and 
29.27 per cent reside in rented house. Regarding the house structure (Table 8.3 and 
Fig. 8.6), nearly 22.76 percent of the houses are single storeyed and 77.24 percent are 
multi- storeyed houses. As far as the uses of the house is concerned, 60.89 per cent, 
31.11 per cent and 8.00 per cent houses are utilized for residential, residential cum 
commercial and residential cum industrial purposes respectively. 
In case of the very high density areas, about 90 per cent of the total 
respondents have their own house whereas only 10 per cent live in rented house. The 
multi-storeyed houses got the remarkable share of 82.05 per cent while the single 
storeyed houses recorded at 17.95 per cent. Concerning the uses of the house, 
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residential use of the house got 64.58 per cent followed by residential cum 
commercial (30.41 per cent) and residential cum commercial (5.01 per cent). 
During the field survey it has been observed that in the case of residential cum 
commercial use of the houses, small shops and godowns have been found at the 
ground floor and in addition a portion of the house meant for rental use is also 
present. In case of the house for residential cum industrial purposes, houses are 
divided into smaller units to acconunodate more people and also to use it for 
industrial purposes. Small scale industries such as paper and paper products, printing 
and publishing, rubber product, dying, metal products, wood product, electric goods 
clothing, machinery and engineering industries and repairing services etc have been 
observed in such houses. 
8.2.2. Morphological Aspects of Respondent's House 
Morphological aspects of the houses of the selected wards have been analyzed 
in terms of composition of building, layout, plan, availability of open space, lavatory 
faciHties, separate kitchen and proper ventilation system. 
Table 8.4 reveals that 89.05 per cent of the total respondents reside in 
cemented house whereas only 10.95 per cent live in semi-cemented house. Houses 
with open space are claimed by 58.08 per cent of the respondents while 41.91 per cent 
of the respondents do not have such facilities in their houses. 
Levorotary system has been observed in 100 per cent cases. As far as separate 
kitchen in the house is concerned, it has been observed in 69.32 per cent of house 
whereas 35.04 per cent have no separate kitchen. Concerning proper ventilation 
system (i.e. impHes not only the replacement of vitiated air by a supply of fi-esh 
outdoor air, but also control of the quality of incoming air with regard to its 
temperature, humidity and purity with a view to provide a thermal environment that is 
comfortable and free from risk of infection) in the house, 63.40 per cent respondents 
reported for proper ventilation system while a small proportion of the respondents i.e. 
36.60 per cent have no proper ventilation in their houses. 
Concerning these indicators in selected zones, remarkable variation has been 
noticed. Table 8.4 and Fig. 8.7a indicate that low density area consisted of 83.95 per 
cent cemented houses followed by medium density area (91.06 per cent), high density 
area (94.16 per cent) and very high density area (97.36 per cent). Regarding the semi-
cemented houses, low density areas share the highest percentage i.e. 16.05 per cent. 
The respective percentage of such houses in medium density, high density and very 
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high density areas are 8.94 per cent, 5.84 per cent and 2.64 per cent respectively (Fig. 
8.7b). 
As far as the availability of open space is concerned, Table 8.4 & Fig. 8.7c 
exhibit that low density area claims the remarkable share of 73.57 per cent and is 
followed by medium density area (67.59 per cent), high density area (56.63 per cent) 
and very high density area (37.95 percent). It has been observed during field survey 
that the nature of open space in different density areas reveal contrasting features. In 
low and medium density areas it is mainly in the form of lawn or kitchen garden or 
courtyard whereas in the high density and very high density areas it is mainly in the 
form of balcony. It has been observed that due to overcrowding one can hardly afford 
to have lawn or kitchen garden in these areas and thus they do not have any place for 
outdoor activities. 
The lavatory system has been found in hundred per cent houses. As far as the 
facility of separate kitchen is concerned, Table 8.4 & Fig. 8.7d exhibit that the 
medium density areas got the highest percentage (84.47 per cent) followed by high 
(82.11 per cent), low density areas (73.68 per cent) and very high density areas (64.96 
per cent). 
Houses without separate kitchen appear more dominating in low and very high 
density area with different reasons. It has been observed during field survey that in 
low density area people use to cook in open space in fi-ont of their houses or in 
courtyard. On the contrary, in high density areas due to scarcity of space they use 
living room for cooking purposes also. 
In the case of proper ventilation system, low density areas got the remarkable 
share of 71.15 per cent while in medium density, high density and very high density 
areas; it is recorded at 64.26 per cent, 58.27 per cent and 44.53 per cent respectively. 
Houses without proper ventilation are reported by 55.47 per cent, 41.73 per cent, 
35.74 per cent and 28.85 per cent in very high, high, medium and low density areas 
respectively. The reason behind the large number of houses without proper ventilation 
in high and very high density areas is the wall to wall structures and there is no open 
space between houses. 
8.2.3. Availability of Living Space in the Respondent's House 
Spatial aspects of the house of the respondents have been analyzed in terms of 
floor area of the house, number of rooms in the house and availability of living space 
per person (sq. feet). 
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It has been deduced from Table 8.5 that out of the total respondents 40.30 per cent 
posses house with floor area of 150-300 sq. feet followed by 26.34 per cent, 21.17 
per cent and 12.17 per cent with floor area of <150 sq. feet, 301- 450 sq. feet and 
more than 450 sq. feet respectively. In case of the total number of rooms in the house 
is concerned, two bedroom houses got the largest share of 34.26 per cent whereas 3 
bedrooms, 1 bedroom and >3 bedrooms houses share 27.23 per cent, 22.95 per cent 
and 15.95 per cent respectively. As far as the average floor space per person is 
concerned. Table 8.5 indicates that 32.96 per cent having floor space 10-20 sq. feet/ 
person followed by 30.73 per cent (21-30 sq. feet/person), 21.67 per cent (<10 sq. 
feet/person) and 14.56 per cent (> 30 sq. feet/person). 
Contrasting features is also appeared in the case of different density areas. 
Table 8.4 and Fig. 8.8 indicate that in very low density areas, 10.01 per cent of the 
respondents have houses with floor space less than 150 sq. feet followed by 37.35 per 
cent (150-300 sq. feet), 27.06 per cent (301-450 sq. feet) and 21.58 per cent (>450 sq. 
feet) while in medium density areas, houses with floor area <150 sq. feet, 150-300 sq. 
feet, 301-450 sq. feet and >450 sq. feet are reported by 21.84 percent, 31.31 per cent, 
18.42 per cent and 28.42 per cent respectively. It has been observed that houses with 
small floor area are dominating in high and very high density areas that may be 
attributed to the scarcity of space. In high density areas, houses with 150-300 sq. feet 
appear to dominate with a share of 44.71 per cent followed by 29.02 per cent (<150 
sq. feet) 16.26 per cent (301-450) and 10.01 per cent (>450 sq. feet) whereas in very 
high density areas 38.24 per cent of the houses are having the floor area <150 sq. feet, 
52.31 per cent are recorded for 150-300 sq. feet and less than 10 per cent recorded for 
area between 301-450 sq. feet. During the field survey it has been observed that in 
high and very high density areas, most of the respondents are living in closely packed 
houses of very small size. 
As far as the number of rooms in different density areas are concerned, the 
largest number of residents (34.70 per cent) in low density area have three bedroom 
house followed by 29.96 per cent (> 3 rooms), 24.64 per cent (2 rooms) and 10.70 per 
cent (1 rooms) while in medium density areas, the percentage of houses with one 
bedroom, two bedrooms, three and more than three bedroom has been reported by 
11.31 per cent, 31.31 per cent, 30.00 per cent and 27.36 per cent respectively. In the 
case of high density areas 42.54 per cent of respondents have two bedroom house 
followed by 27.64 per cent (1 bedroom), 16.26 per cent (3 bedroom) and 13.56 per 
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cent (> 3 bedroom) while in very high density areas the respective percentage 
observed is 38.02 per cent, 39.43 per cent, 12.40 per cent and 39.43 per cent 
respectively. 
As far as the floor space per person is concerned, Fig. 8.9 depicts that 6.27 per 
cent, 20.78 per cent, 30.89 per cent and 34.67 per cent of the respondents have 
occupied <10 sq. feet/ person in low density, medivim density, high density and very 
high density areas respectively. Houses with floor space 10-20 sq. feet/ person got 
31.27 per cent (low density), 28.94 per cent (medium density), 34.14 percent (high 
density) and 43.79 per cent (very high density). Houses with 21-30 sq. feet/ person 
dominate medium density area with the percentage of respondents being 37.39 per 
cent while in low density, h i ^ density and very high density areas it accounts 36.94 
per cent, 23.57 per cent and 18.61 per cent respectively. In the case of floor space >30 
sq. feet/ person, it is recorded at 25.52 per cent in low density, 12.89 per cent in 
medium density, 10.56 per cent in high density and 2.91 per cent in very high density 
areas. 
During the study it has been observed that a condition of overcrowding (i.e. 
refers to the situation within a single dwelling than there is space for, so that 
movement is restricted, privacy secluded, hygiene impossible and rest and sleep 
difficult) is prevailing in all the density areas mainly in high density and very high 
density areas. Not a single indicator of healthful housing seems to meet the standard 
limits set by WHO and EHC. The prevailing condition is attributed to increasing 
demand of housing due to rapid growth of population and lack of planning and 
awareness among the residents for the healthful housing etc. 
8.3. Indoor Environment 
The term indoor environment implies all the internal factors-living and non-
living, material and non material -which surround man. It also includes prevailing 
social and economic conditions. For descriptive pxuposes, it has been divided into 
three components, all are closely related: (a) Physical: water, air and soil (b) 
Biological: bacteria, viruses, insects, rodents and plant and animal (c) Social: 
customs, culture, habits, income, occupation and religion etc. keeping in view these 
element of indoor environment, a detailed study of the indoor environment pollution 
i.e. water pollution, domestic solid waste pollution, air pollution, noise pollution in 
the house of the respondents of selected wards have been carried out. 
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8.3.1. Water Condition in tiie Respondent's House 
The ordinary consumer judges the water quality by its physical characteristics. 
The provision of drinking water that is not only safe but also pleasing in appearance, 
taste and odour is a matter of high priority. The supply of water that is unsatisfactory 
in this respect is undermining the confidence of consumers, leading to use of water 
firom less safe source. The acceptability of drinking water can be influenced by many 
different constituents^ (a) Turbidity: on aesthetic groimds, drinking water should be 
firee firom turbidity. Turbidity in drinking water is caused by particulate matter that 
may be present as a consequence of inadequate treatment or from resuspension of 
sedunent in distribution system. It may also be due to the presence of inorganic 
particulate matter in some ground water. Water with tvirbidity less than 5 
Nephelometric Turbidity Units (NTU) is usually acceptable to consumer, (b) Colour: 
Drinking-water should ideally be colourless. The colour in drinking-water may be due 
to the presence of organic matter such as humic substances, metals such as iron and 
manganese and highly coloured industrial wastes. Studies have shown that consumers 
may turn to alternative, perhaps imsafe sources, when their water displays 
aesthetically displeasing levels of colour, typically exceeding 15 True Colour Units 
(TCU). (c) Taste & Odour: The combined perception of substances detected by the 
senses of taste and smell. 'Taste" problems in drinking-water supplies are often the 
largest single cause of consumer complaints. Changes in the normal taste of a public 
water supply may be due to changes in the quality of the raw water source or 
deficiencies in the treatment process. Odour in water is mainly due to the presence of 
organic substances. Some odours are indicative of increased biological activity while 
others may originate fi-om industrial pollution and poor sanitary system. 
A detailed study of selected wards of Delhi regarding the sources, uses and 
quality of water supply has been imdertaken. Information regarding physical and 
aesthetic aspects such as turbidity, colour, taste and odour has been collected. 
Table 8.6 indicates that nearly 30 per cent of the respondents have access to 
piped water connection whereas 10.09 per cent, 25.39 per cent, 15.84 per cent and 
7.05 per cent rely on tube well, piped water & tube well, piped water & hand pump 
and other sources (tankers and roadside water connection) respectively. 
Regarding the uses of water, 17.67 per cent of respondent use the water for 
domestic purposes and 82.37 per cent use it for both domestic & drinking purposes. 
8. Park, K., Preventive and Social Medicine, Banarsidas Bhanot, Jabalpur, 2005, p. 530. 
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As far as the quality of water is concerned, only 24.45 per cent of the 
ihold report good quality of water, the average and poor quality is observed by 
per cent and 41.02 per cent respectively. In case of poor quality, they generally 
lain of smelling and turbid water. The water supply is often inadequate and 
Eicient and very often the quality of water is not maintained. 
The comparative study of different density areas in terms of water supply has 
led contrasting features. Table 8.6 and Fig. 8.10 depict that in low density areas, 
of the households (31.25 per cent) depend on piped water supply & tube well, 
'^ed by piped water connection (18.10 per cent), hand pump (16.19 per cent) 
1 water and hand pump (10.12 per cent) and tube well (10.04 per cent). It has 
found that only few households are totally dependent on piped water supply 
ise of irregularity in supply system. 
Similarly in medivim density areas, piped water connection & tube well posses 
emarkable share of 34.26 per cent whereas piped water, piped water & hand 
), other sources and tube well share 24.26 per cent, 20.18 per cent, 9.27 per cent, 
per cent and 6.01 per cent respectively. It has been observed that the other 
;es of water such as tankers and roadside water supply are reported only in those 
where no regular supply of water is available. Vendors are also another major 
;e of water supply in this area who usually charges some fee often ranging from 
) 1 rupee per htre. 
In the case of high density areas, 38.21 per cent of the respondents procure 
• from piped water supply, followed by piped water & tube well (31.70 percent), 
1 water & hand pump (22.76 percent) and tube well (7.31 percent). In the case of 
high density areas, piped water & tube well (41.24 percent) appears to be the 
r source of water supply while the piped water connection reported by 39.78 per 
md only 18.97 per cent reported for both piped water & hand pump. 
As far as the use of water is concerned. Table 8.6 & Fig. 8.11 indicate that 
per cent in low density areas use it for domestic purpose and 78.85 per cent for 
domestic and drinking purpose. In medium density areas, the domestic use of 
is reported by 13.15 per cent whereas 86.84 per cent reported both domestic and 
ing purpose. It has been observed that 26.01 per cent and 73.98 per cent of 
ndents in high density areas reported for domestic purpose and for both domestic 
Irinking purposes respectively whereas the corresponding figures for very high 
ty areas are 10.58 per cent and 89.41 per cent. 
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OS 
In case of the quality of water, Table 8.6 &. Fig. 8.12 show that the good 
quality of water is reported by 27.37 per cent of the respondents in very high density 
areas. In low density areas, high density and medium density areas it has decreased to 
23.07 per cent, 21.95 per cent and 19.73 per cent respectively. Similarly average 
quality of water also dominates the high density areas. It is recorded at 38.83 per cent 
being followed by low density areas (35.77 per cent), mediirai density areas (33.42 
per cent) and very high density areas (26.27 percent). In the case of poor water 
quality, medium density areas posses the remarkable share of 46.84 per cent, is being 
followed by 46.35 per cent (very high density areas), 41.16 per cent (low density 
areas) and 39.83 per cent (high density areas). 
8.2.5. Drainage System around the Respondent's House 
Drainage system around the house of the respondents in selected wards have 
been analyzed in terms of mode of disposal of waste water, type of drain, nature of 
drain and condition of water logging. 
Table 8.7 reveals that 88.10 percent of the respondent's dispose of waste water 
into drains whereas 7.28 per cent dispose it of around the house. As far as the type of 
drain is concerned, 58.33 per cent reported for closed drain and 41.67 for open drain. 
In the case of nature of drain, 41.67 per cent reported for flowing drain followed by 
34.11 per cent (spillover) and 24.20 per cent (stagnant). Concerning water logging, 
21.23 per cent of the total respondents have claimed for water logging around the 
house due to rain water. It is being followed by rain water & waste water (24.12 per 
cent) and waste water (16.17 per cent) while 8.46 per cent reported for no water 
logging. 
Regarding the drainage system. Table 8.7 and Figs. 8.13 &, 8.14 show that the 
different density areas also reveal contrasting features. In the case of disposal of waste 
water into drain, in very high areas 95 per cent waste water are flown into drain that 
subjected to decrease with the decreasing density of the region i.e. 89 per cent, 78 per 
cent and 62 per cent in high density, medium density and low density areas 
respectively. It has been also observed that 37.99 per cent, 21.81 per cent, 10.72 per 
cent and 5.42 per cent of the respondents in low density, medium density, high 
density and very high density areas are dispose off waste water around of their houses 
due to insufficient drainage system. 
Concerning the type of drain, open drain claims the highest percentage (i.e. 
61.47 per cent) in low density areas followed by medium density (26.05 per cent). 
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very high density (24.45 per cent) and high density areas (13.87 per cent). In case of 
close drain high density areas appear more dominating with nearly 86.13 per cent and 
followed by very high density area (75.54 per cent), medium density area (73.94 per 
cent) and low density areas (38.53 per cent). 
Similarly the nature of drain also shows contrasting features. In low density 
areas, 40.47 per cent, 36.05 per cent and 23.47 per cent claims for stagnant, flowing 
and spill over drains while in medium density areas it is recorded at 20.26 per cent, 
44.47 per cent and 35.27 per cent respectively. In high density areas flowing drain 
claims the remarkable share of 47.05 per cent followed by 35.77 per cent (spillover) 
and 17.18 per cent (stagnant) while in very high density areas, the respective 
percentage are 50.72, 36.49 and 12.77 per cent. 
As far as the situation of water logging is concerned. Fig. 8.15 shows that the 
rain water causes great havoc in medium density areas (28.68 per cent) followed by 
low density areas (21.82 per cent), high density areas (20.32 per cent) and very high 
density areas (8.39 per cent). The very high density area claims the remarkable share 
of 38.32 per cent in water logging due to waste water followed by high density area 
(15.46 per cent), low density area (13.49 percent) and medium density area (7.17 per 
cent). 
Rain water and waste water both causes water logging mainly in very high 
density areas as it is reported by 33.57 per cent of the respondents while in other areas 
it is reported by 31.46 per cent (high density areas), 23.42 percent (medium density 
areas) and 17.69 per cent (low density areas). It has been observed that nearly 40.96 
per cent of the respondent fined no water logging problem in their locality. The lowest 
number has been found in very high density areas i.e. 19.70 per cent followed by 
32.76 per cent in high density areas, 40.52 per cent in medium density areas and 46.91 
per in low density areas. 
8.3.3. Domestic Solid Waste Generation and Mode of Disposal 
The management of solid waste of the selected wards has been analyzed in 
terms of disposal of household waste and waste collection by municipalities. 
Table 8.8 indicate that 41.13 per cent of the total respondents use municipal 
receptacles for the disposal of waste whereas 37.07 per cent, 10.95 per cent and 10.83 
per cent dispose it off on roadside, open plots and near the drain respectively. 
Concerning the waste collection by municipal authority, 52.69 per cent reported for 
daily collection while 34.40 per cent, 7.33 per cent and 5.55 per cent claimed 
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irregular, absent and bi-weekly service respectively. 
The comparative study of sampled density areas in terms of domestic solid 
waste disposal depicts contrasting features. In case of the roadside waste disposal, 
Table 8.8 and Fig. 8.16 show that very high density areas appear more dominating as 
it has recorded 37.59 per cent followed by 29.02 per cent (low density), 18.68 per cent 
(medium density) and 13.80 per cent (high density). 
As far as the use of municipal receptacles for the disposal of household waste 
is concerned (Fig. 8.18), the highest per cent has been observed in high density areas 
(67.19 per cent). The corresponding value for the other areas is recorded by 51.31 per 
cent (medium density), 49.40 per cent (very high density) and 32.84 per cent (low 
density). 
Open plots as a site of disposal of household waste account remarkable share 
of 15.97 per cent in low density areas followed by medium (9.06 per cent) and high 
density areas (7.54 per cent). As far as the waste disposal near the drain is concerned, 
the highest per cent (22.17 per cent) is claimed by low density areas followed by high 
density (11.47 per cent), medium density (20.95 per cent) and very high density areas 
(13.01 per cent). It has been observed during the field survey that the disposal of 
waste at other site rather than municipal receptacles has been found in the case where 
sufficient number of municipal receptacles and service are not available. As a result, 
in those areas wastes are foimd scattered everywhere for many days that attracts birds, 
rodents and animals and also lead to foul smell. It has also been observed that people 
make small waste receptacles outside their houses which are regularly emptied by 
sweepers in few localities especially in medium density areas (Shastri Nagar and 
Tughlakabad). 
As far as the waste collection by municipaUty from concerned localities is 
concerned, it has been deduced from Table 8.8 and Fig. 8.17 that the highest daily 
collection is recorded by very high density areas (71.64 per cent) followed by 64.22 
per cent (high density areas), 43.52 per cent (medium density area) and 31.04 per cent 
(low density areas). In the case of low density areas, the collection on the daily basis 
has been found very low especially in Narela and Najafgarh zones due to callous 
attitude of municipal authorities toward this area and high absenteeism in sweepers 
because these areas are located away from the main stream. Besides, this area is 
mainly inhabited by poor income group and illiterate people who are less concerned 
about the sanitary condition around their surroundings and its adverse impact on 
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human health. The municipal facilities appear more efficient in very high density 
areas where only 21.80 per cent of the respondents reported for irregular services. It is 
mainly be due to its location i.e. nearness to the Town Hall. The irregularity in the 
service is claimed by 44.33 per cent in very low density areas followed by high 
density areas (35.77 per cent) and medium density areas (32.38 per cent). 
8.3.4. Air pollution in Respondent's House 
Indoor Air deals with the content of interior air that could affect health and 
comfort of building occupants. The indoor air quality may be compromised by 
microbial contaminants (mold, bacteria), chemicals (such as carbon monoxide, 
radon), allergens, or any mass or energy stressor that can induce health effects. Recent 
findings have demonstrated that indoor air is often more polluted than outdoor air 
(albeit with different pollutants). 
Indoor air pollution in the house of the selected wards has been analyzed in 
terms of sources of pollution, type of pollution and intensity of pollution. Table 8.9 
depicts that 62.57 per cent of the respondents observed air pollution in their houses 
whereas 37.43 per cent reported for no pollution. As far as the sources of pollution is 
concerned, cooking fuels claimed the largest share of 43.33 per cent while the other 
sources such as automobiles and neighbours got 35.05 per cent and 21.62 per cent 
respectively. Concerning the intensity of pollution, low intensity recorded for 30.05 
per cent followed by negligible intensity (26.26 per cent), high intensity (25.28 per 
cent) and medium intensity (18.39 per cent). 
Regarding the status of pollution, the different density areas show contrasting 
features (Fig. 8.20a). In very high density area 69.40 per cent of the respondents 
claimed for noise pollution followed by high density areas (62.15 per cent), medium 
density areas (59.32 per cent) and low density area (42.87 per cent). 
Among the different sources of pollution i.e. cooking fuels. Neighbouring 
hotels and automobiles; cooking fuels appear to dominate in very high density areas 
(51.93 per cent) followed by low density areas (41.61 per cent), high density areas 
(41.37 per cent) and medium density areas (20.73 per cent). In very high and high 
density areas cooking fuels are major source of pollution because due to poor 
ventilation the smoke remains in the houses for a longer period whereas in low 
density areas especially in Alipur, Dabri, Isapur, Roshanpura and Mahipalpur etc 
majority of the people mainly depend on conventional fuels such as kerosene, wood, 
coal, cow dung and leaves etc which creates lot of smoke (Fig. 8.19). 
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Delhi: Sources of Air pollution in the Respondent's House 
(2004-2005) 
Low Medium High 
Density Areas 
Very High 
S3 Cooking Fuels • Neighbours Q Automobiles 
Fig. 8.19 
Pollutants from neighbourhood appear to dominate the high density areas (36.20 per 
cent) while in very high density areas, low and medixim density areas; it is recorded at 
32.91 per cent, 20.02 per cent and 10.93 per cent respectively. It has been observed 
that in high and very high density areas due to large number of hotels in the 
residential areas smoke is foimd to be present in the houses as well. In the case of 
automobile, medium density areas claims the remarkable share of 68.33 per cent. It is 
followed by 38.37 per cent, 22.41 per cent and 15.16 per cent in low density, high 
density and very high density areas respectively. 
As far as the intensity of pollution is concerned, high intensity of pollution 
claims the remarkable share of 39.18 per cent in very high density areas (Table 8.9 
and Fig. 8.20b). It is followed by high density areas (37.75 per cent), low density 
areas (23.54 per cent) and medium density areas (17.50 per cent). The medium 
intensity of pollution (Fig. 8.20c) is reported by 20.68 per cent of the respondents in 
high density, 20.46 percent in very high density, 17.14 percent in low density and 
15.83 percent in medium density areas. The low intensity of pollution dominates high 
density areas i.e. 32.90 per cent while in very high density, low density and medium 
density areas; it is reported by 29.23 per cent, 28.70 per cent and 25.00 per cent of 
respondents respectively (Fig. 8.20d). 
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kitchen and proper ventilation system exist. 
8.3.5. Noise Pollution in the Respondent's House 
Noise pollution in the house of the sampled wards has been analyzed in terms 
of sources of pollution and intensity of pollution. Table 8.10 depicts that out of the 
total respondent 62.20 per cent has reported noise pollution while 37.79 per cent has 
observed no pollution. Concerning the sources of pollution, automobiles got the 
largest share of 29.13 per cent followed by neighbour (24.12 per cent), market (20.64 
per cent), other sources (14.11 per cent) and industries (11.97 per cent). As far as the 
intensity of pollution is concerned 47.34 per cent, 20.28 per cent, 18.14 per cent and 
18.49 per cent respondents reported for high intensity, medium intensity, low intensity 
and negligible intensity of pollution respectively. 
Noise pollution in different density areas reveals contrasting features. Table 
8.10 & Fig. 8.22 exhibit that very high density areas got the remarkable share of 79.69 
per cent closely followed by medium density (62.76 per cent), high density (57.31 per 
cent) and low density (42.85 per cent). 
As far as the sources of pollution is concerned, noise from outside or the 
neighbourhood (includes radio, video cassettes and music system and hawkers) got 
the highest percentage in very high density areas (25.59 per cent) followed by high 
density areas (24.17 per cent), low density areas (21.91 per cent) and medium density 
areas (18.46 percent). Automobile as a source of pollution recorded remarkable share 
of 32.05 per cent, 26.06 per cent, 25.44 percent and 24.48 per cent in medium density, 
very high density, low density and high density areas respectively. In the low density 
areas despite the low number of personal vehicles automobiles are an important 
source of pollution. Due to the presence of the cold storage, there is constant flow of 
heavy vehicles that creates a lot of noise in these areas. In the case of markets, the 
highest percentage has been found in very high density areas (35.70 per cent) while in 
high density, low density and mediiim density areas it observed by 25.71 per cent, 
16.62 per cent and 14.11 per cent respectively (Fig. 8.21). 
Industry has been recognized as an important source of pollution in low 
density areas where it is recorded 20.25 per cent followed by medium (20.00 per 
cent), high (13.40 per cent) and very high density areas (6.02 per cent). In these areas 
the major industries are clothing, metal folding, engineering and chemical that make a 
lot of noise. 
In case of other sources such as festivals, marriage ceremony, jagran, political 
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Delhi: Sources of Noise pollution in the Respondent's House 
(2004-2005) 
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Fig. 8.21 
address system etc, very low density areas recorded 15.78 per cent followed by 
medium density areas (15.38 per cent), high density areas (12.24 per cent) and very 
high density areas (6.02 per cent). 
As far as the intensity of pollution is concerned. Table 8.10 & Fig. 8.22 
indicate that the very high density areas claim the largest share of 61.45 per cent, 
followed by high density (55.21 per cent), medium density (44.61 percent) and low 
density areas (20.25 per cent). The medium intensity has been observed by 35.30 per 
cent in low density areas that decreases to 22.56 per cent, 19.32 per cent and 18.48 per 
cent in low density, medixim density, high density and very high density areas 
respectively. In case of the low pollution, low density areas recorded highest 
percentage of 20.08 per cent being followed by medium density (17.43 per cent), high 
density (12.25 per cent) and very high density areas (11.06 per cent). The negligible 
level of pollution got the highest per cent (24.37 per cent) in low density areas while 
in medium density, high density and very high density areas, it has been observed by 
15.38 per cent, 13.22 per cent and 9.01 per cent respectively. 
8.4. Major Household Problems and Incidence of Diseases 
Housing is a part of the total enviroimient of man and being a part, it is to 
some extent responsible for the status of man's health and well being. Different 
housing parameters i.e. physical condition of building's interior and exterior structure, 
condition of the fumishing in the building, open space, ventilation, cold, hot or damp 
housing, molds, pest infection, lead paint, broken windows, bad siding on homes. 
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cracks on the sidewalls, floor, condition of roof and window and sanitary system i.e. 
refers to the quality of living that is expressed in the clean home, the clean farm, the 
clean neigourhood, the clean business and the clean community directly or indirectly 
affect the health of the human beings. 
Poor housing and environmental conditions have become an important public 
health risk worldwide. People in modem societies spend more than 90 per cent of 
their time in indoor environment^ . Residence time in the homes ranges firom 15.5 to 
15.7 hr/day'°. As a result, a close relationship has been established between housing, 
environmental conditions and health of the inhabitants. Due to alarming growth of 
population, urbanization, consumerism, industrialization and globalization not only 
the outdoor environment but also indoor environment are badly affected leading to 
many indoor environmental pollutions like air, water, noise and solid waste etc. The 
indoor environments have become the site of a variety of biological, chemical and 
other environmental hazards such as poor ergonomics, lighting and physical design 
etc. Biological hazards include infectious agents such as bacteria and viruses, molds, 
endotoxins and antigens from house dust mites, rodents, cockroaches, pollens and 
animal dander. Chemical hazards include environmental tobacco smoke (ETS), 
nitrogen and sulfur oxides, ozone, particulate matter (PM), volatile organic 
compounds (VOCs), pesticides, formaldehyde and plasticizers. In addition, the 
characteristics of the building structures such as its composition, contents and 
building systems, everyday practices such as heating, cooking, cleaning and home 
repair, spontaneous chemical reactions in the house and attributes of the population 
and activities within the buildings; all contribute to the health of the indoor 
environment. The poor indoor envirormient causes and exacerbates a variety of 
adverse health effects in humans, ranging from injury, asthma, sick building 
syndrome, respiratory, neurological, dermatological problems to cancer''' '^. 
9. Leech, J. A., Nelson, W. C, Burnett, R. T., Aaron, S. and Raizenne, M. E., "It's About Time: a 
Comparison of Canadian and American Time-Activity Patterns". J Expo Anal Environ Epidemiol, 
12,2002, p. 427-432. 
10. Brasche, S. and Bischof, W., "Daily Time Spent Indoors in German Homes—Baseline Data for the 
Assessment of Indoor Exposiire of German Occupants", IntJHyg Environ Health, 208, 205, 
p. 247-253. 
11. Lyons, R. A., Sander, L. V., Weightman, A. L., Patterson, J., Jones, S. A., Rolfe, B. et al 
"Modification of the Home Environment for the Reduction of Injuries", Cochrane Database Syst. 
Rev. 2003; 4:CD003600. 
12. Schemhammer, E. S., Schulmeister, K., "Melatonin and Cancer Risk: Does Light at Night 
Compromise Physiologic Cancer Protection by Lowering Serum Melatonin Levels", Br J 
Cancer, 90(5)2004, p. 941-943. 
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8.4.1. Major Housing Problems and Incidence of Diseases 
The physical structure of the dweUings has a strong influence on physical & 
mental state of the individuals. It can contribute very substantially to accelerated 
intellectual and physical deterioration of old people, to increased aggression, to 
withdrawal among young adolescents and the general mental health of adults. The 
disparity between the number of people in a dwelling and the capacity of the dwelling 
to contain them and allow them to perform important human activities can be 
reflected through a variety of physiological and psychological processes and many 
disturbance of human health'^ A number of studies have reported that poor-quality 
housing conditions—for example, cold, hot or damp housing, mold, pest infestation 
and lead paint—are associated with health problems such as respiratory infections, 
asthma, lead poisoning, tuberculosis, infectious diseases and injuries in children. 
Overcrowding in the dwelling units has reported by contributed to the spread 
of infectious diseases and affect the response of individuals as well as society to many 
of hfe's stresses''*. Studies have shown that it is associated with the frequency of 
disabling illness lasting a week or longer'^ , the number of respiratory infection in 
infants, infectious childhood diseases'^, skin diseases and the number of home 
accidents'^ , hi addition, secondary attack rates of tuberculosis has been observed to be 
over 200 per cent higher for people living in overcrowding dwellings than for all 
economic status groups living in less crowded structures- one person or less per 
room . More importantly. Overcrowding interacts with home heating, ventilation and 
indoor pollutions and leads to an increase in morbidity and mortality in young and the 
aged" and heightens the effect of other deprivations, each reinforcing the other, to 
shape the personality of those residing in poor housing. 
13. Sanoff, H., op.cit, 1987, p. 77. 
14. Dubos, R., Man Adapting, New Haven: Yale University Press, 1965. 
15. Britten, R.H., Brown, J.E., and Altman, I., "Certain Characteristics of Urban Housing and 
Their Relation to Ilhiess and Accidents: Summary of Findings of the National Health 
Survey", Milbank Memorial Fund Quartely, Vol. 18,1940. 
16. Wihier, D., Walkley, R., Pinkerton, T., and Tayback, M., The Housing Environment and 
Family Life, Baltimore: The John Hopkins Press, 1962. 
17. Spencer, J., Walton, W.S., Miller, F.J.W. and Court, S.D.M., A Thousand Families in 
Newcastle-upon-Tyne, London, Toronto, New York: Oxford University Press, 1954. 
18. Britten, R.H., Brown, J.E. and Altman, I., "Certain Characteristics of Urban Housing and their 
Relation to ilhiess and Accidents: Summary of findings of the National Health Survey", 
Milbank Memorial Fund Quarterly, Vol.18. 1940. 
19. Gilbertson, W.E., "New Challenges in Environmental Health Control", Transaction and 
Studies of the College of Physicians of Philadelphia, Vol. 31, April, 1964, p. 294-98. 
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Disease is undoubtly a multiple phenomena that occurs only if various factors 
coincide in place and time. The reasons for the occurrence of a disease could be 
physical, biological and social. The present analysis takes into account some of the 
physical and social factors. It has been observed that inside (number of people per 
unit of living space within a residence) and outside population density (number of 
people per imit of space as a larger environmental unit within which the inside density 
unit is embedded, for example, street, neighbourhood) accompanied with other 
environmental problems inevitability leads to poor health status. 
An attempt has been, therefore, made to find out the relationship between 
important housing problems and human health. For the analysis two variables i.e. X 
and Y referring to housing problems and associated diseases as independent and 
dependent variables respectively have been selected. Seven types of major problems 
related to house are considered: 
• Poor condition of house (Xi) 
• Congestion (X2) 
• Lack of open space (X3) 
• Lack of fi-esh air and light (X4) 
• Lack of separate kitchen (X5) 
• Poor ventilation (Xe) 
• Poor sanitary system (X?) 
Seven types of diseases associated with the above factors have been considered: 
• Dermatological Problems (Yi) 
• Tuberculosis (Y2) 
• Whooping Cough/Cold (Y3) 
• Throat/Eye Infections (Y4) 
• Psychological Problems (Y5) 
• Cardiological Problems (Ye) 
• Other Diseases (Y7) 
Tables 8.11 & 8.12 show the results of data analysis. Different diseases related to 
housing conditions have been selected for detailed study in the sampled wards that 
reveal contrasting features. It has been deduced from the Table 8.11 and Fig. 8.23 that 
cough & cold claim the remarkable share of 17.23 per cent that is being followed by 
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psychological problems (16.42 per cent), respiratory diseases (15.23 per cent), 
cardiological diseases (13.65 per cent), dermatological diseases (11.74 per cent) other 
diseases (8.81 per cent) and throat & eye infection (6.53 per cent) while 9.27 per cent 
reported for no problems. 
Dermatological Problems: Different skin problems such as itching, rashes and 
allergies etc are taken into consideration. They claimed 12.56 per cent in very high 
density areas that declined to 10.94 per cent, 10.87 per cent and 8.98 per cent in high 
density, low density and medium density areas respectively. They show a positive 
relationship with the selected variables especially with lack of separate kitchen 
(r=-i-0.971), poor condition of houses (r=+0.970) and sanitary system (r=+0.945) 
while the other variables such as poor ventilation, lack of fresh airAight, lack of open 
space and congestion are also positively correlated. During study it has been observed 
that mold, cold, hot and damp housing conditions, cracks in the walls, lack of kitchen 
and poor sanitary systems lead to the breeding of disease vectors, pest infection, 
rodents, endotoxins and house dust mites such as cockroaches, fungi etc that interact 
with home heating that leads to different skin problems. 
Tuberculosis: is a specific infectious disease caused by M. tuberculosis. The disease 
primarily affects lungs and causes pulmonary tuberculosis. It can also affect 
intestines, meninges, bones and joints, lymph glands, skins and other tissues of the 
body^". Tuberculosis is a social disease with medical aspects. It has also been 
described as a barometer of social welfare. The social factors include many non-
medical factors such as poor quaUty of life, poor housing, overcrowding, population 
explosion, imder nutrition, lack of education, large families and lack of awareness of 
causes of illness etc. All these factors are interrelated and contribute to the occurrence 
and spread of tuberculosis. It claims a remarkable share of 14.87 per cent in very high 
density areas followed by high density (14.29 per cent), low density (12.16 per cent) 
and medium density areas (10.75 per cent). It shows a strong positive correlation with 
congestion (r=+0.985), poor condition of houses (r=+0.972), lack of separate kitchen 
(r=+0.932), poor ventilation (r=+0.898), lack of fresh air/light (r=+0.855) and poor 
sanitary system (r=+0.851) whereas the rest of the factors also shows positive 
correlation. Lack of kitchen and poor ventilation lead to accumulation of smoke that 
contains harmful chemicals and particulate matter which coupled with other 
household problems play an important role in various respiratory problems. 
20. Park, K., op. cit, 2005, p. 146. 
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Whooping Cough/Cold: An acute infectious disease, usually of young children, 
caused by B. pertussis. It is clinically characterized by an insidious onset with mild 
fever and irritating cough, gradually becoming paroxysmal with the characteristic 
"whooping". The spectrum of disease varies from severe illness to a typical and mild 
illness without whoop^\ Overcrowding, socio-economic conditions and ways of life 
play an important role in the epidemiology of the disease. Thus, the risk of exposure 
is greater in the lower social classes living in overcrowded conditions than in well- to-
do groups. In case of cough/cold, very high density areas posses the remarkable share 
of 20.77 per cent being followed by 19.42 per cent, 14.32 per cent, 12.64 per cent 
high density, medium density and low density areas respectively. It shows the 
significant positive correlation with poor ventilation (r=+0.995), lack of fresh air/light 
(r=+0.988), congestion (r=+0.983) lack of open space (r=+0.920) and poor sanitary 
system (r=+0.907). Rests of the factors are also positively correlated. These factors 
prevent fresh air from circulating within the house leading to poor house quality and 
thus play an important part in the frequency of cough/cold. 
Throat/ Eye Infections: are most frequently reported in very high density areas (9.37 
per cent) while in high density areas, low density areas and medium density areas, it 
claims 8.27 per cent, 8.23 per cent and 3.08 per cent respectively. Table 8.12 depicts 
that these infection are significantly correlated with lack of separate kitchen 
(r=+0.980) poor sanitary system (r=+0.957) and poor condition of houses (r=+0.895). 
The other factors are also showing positive correlation. It has been observed that due 
to poor housing & sanitary system accompanied with lack of kitchen give rise to 
accumulation of smoke and poor hygiene provide places for vermin to breed and 
transmit diseases via fleas, ticks and other vectors. 
Psychological Problems: It includes resentment, irritation, frustration, depression and 
hyper tension. It is reported by 21.48 per cent in very high density areas followed by 
high density (17.76 per cent), medium density (14.96 per cent) and low density (11.69 
per cent) areas. Table 8.12 indicates that there is a sfrong correlation between 
occurrence of psychological problems and household problems such as lack of fresh 
air/light (r=+0.989), lack of open space (r=+0.975), congestion (r=+0.961) and poor 
ventilation (r=+0.929) while the rest of the factors are also positively correlated. It 
shows close association with different household problems because they strongly 
influence the mental health state that is needed for thinking, reflection, reading and 
21. Ibid., p. 136. 
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for aesthetic enjoyment and contemplation. The hindrance to its realization leads to 
frustration, irritation, resentments, stress, hypertension and many more problems. 
Cardiological Diseases: These problems got the remarkable share of 14.67 per cent 
in very high density areas followed by 12.23 per cent, 10.45 per cent and 9.58 per cent 
in high density, low density and medium density areas respectively. They show the 
positive correlation with all factors but are strongly correlated with poor condition of 
houses (r=+0.968), lack of fresh air/light (r=+0.917), poor ventilation (r=+0.875) and 
lack of separate kitchen (r=+0.869). Although it is not directly related to these factors 
but indirectly it creates inconvenience in routine life that leads to the psychological 
disturbance which in turn may lead to cardio-vascular problems. 
Other diseases: It includes typhoid, malaria, jaundice, diarrhoea, dysentery, diabetes, 
cancer, Uver and kidney problems etc that claim a remarkable share of 14.62 per cent 
in low density areas and decrease to 11.89 per cent, 8.85 per cent and 6.28 per cent in 
high density, medium density and very high density areas respectively. It shows the 
insignificant correlation with most of the factors. 
8.4.1.1. Relationship between Poor housing Conditions and Incidence of Diseases 
In order to understand the association between causal factor and incidence of 
diseases at varying degrees, the diseases are grouped in to four categories on the basis 
of percentage of correlation i.e. < 25 per cent, 25-50 percent, 5 1 - 75 percent and > 75 
per cent. Table 8.13 indicates that poor condition of houses shows more than seventy 
five per cent positive relationships with all the health problems such as dermatological 
problems, tuberculosis, cough/cold, throat/eye infection, psychological and 
cardiological problems. Congestion shows positive relationship between 51-75 per 
cent with throat/eye infection and cardiological problems whereas the other diseases 
such as dermatological problems, tuberculosis, cough/cold and psychological 
problems show more than 75 per cent positive relationship. Lack of open space has 
more than 75 per cent relationship with cough/cold, throat/eye infection, 
psychological & cardiological problems and other diseases while the diseases like 
dermatological problems and tuberculosis show 51-75 per cent relationship. Lack of 
fresh air/light has relationship between 51-75 per cent with dermatological problems 
and throat/eye infection whereas the diseases like tuberculosis, cough/cold, 
psychological & cardiological problems and other diseases have more than 75 per 
cent relationship. Lack of separate kitchen shows more than 75 per cent positive 
relationship with all the health problems except psychological problems such as 
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dermatological problems, tuberculosis, cough/cold, throat/eye infection, psychological 
and cardiological problems. Poor ventilation shows relationship between 50-75 per 
cent with dermatological problems and throat/eye infection whereas the diseases like 
tuberculosis, cough/cold, psychological & cardiological problems and other diseases 
have more than 75 per cent relationship. Poor sanitary system has relationship 
between 50-75 per cent with other diseases whereas the diseases such as 
dermatological problems, tuberculosis, cough/cold, throat/eye infection, psychological 
and cardiological problems have more than 75 per cent relationship. 
8.4.1.2. Intensity of Problems and Occurrence of Diseases 
hi order to find out the relationship between intensity of problems and 
intensity of occurrence of diseases, the composite mean Z-score index is developed. 
Tables 8.14 & Fig. 8.25a exhibit that high intensity of housing problem is foimd in 
very high density areas with the composite mean value of 0.91. The medium intensity 
of problem is observed in high density areas (0.36) and low intensity of pollution is 
found in medium density and low density areas with the composite mean value of -
0.52 and -0.72 respectively. Similarly in the case of diseases (Table 8.15 & Fig. 
8.25b), very high (0.76) and high density (0.39) areas has recorded high incidence of 
diseases and low and medium density areas recorded medium (-0.24) and low (-0.90) 
intensity of diseases respectively. 
8.4.2. Indoor Environmental Pollutions and Incidence of Diseases 
Indoor environmental pollutions i.e. air, water, noise and solid waste 
pollutions pose a substantial threat to the health of the residents'^ .^ Human exposures 
to indoor environmental hazards are a ftmction of many factors including building 
characteristics, types of cooking fuels, nearness to industrial sites and traffic 
intersection, lifestyle & behaviour and availability of information & means to 
remediate known indoor problems. The principal risks to human health associated 
with indoor environmental quality are respiratory diseases, cardio-vascular diseases, 
gastro-intestinal problems, psychological problems and many other diseases. 
8.4.2.1. Air Pollution and Incidence of Diseases 
Polluted indoor air is often a greater health hazard than the corresponding 
outdoor setting as the people often spend the majority of their time in the home. 
22. Felicia, Wu, David J., Clifford M., David M. and Meryl H. K. "Improving Indoor 
Environmental Quality for Public Health: Impediments and Policy Recommendations" 
Environ Health Perspect, 115(6), 2007, p. 953-957. 
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Indoor air is mainly polluted by microbial contaminants (mold, bacteria), 
chemicals (such as carbon monoxide, radon), allergens or any mass or energy stress 
that can induce health effects. Radon (Rn) gas, a carcinogen, is exuded from the Earth 
in certain locations and trapped inside the houses. Building materials including 
carpeting and plywood emit formaldehyde (H2CO) gas. Paint and solvents give off 
volatile organic compounds (VOCs) as they dry. Lead paint can degenerate into dust 
and be inhaled. Intentional air pollutants are introduced with the use of air 
fresheners, incense and other scented items. Controlled wood fires in stoves and 
fireplaces can add significant amounts of smoke and particulates into the air. Indoor 
pollution fatalities may also be caused by using pesticides and other chemical sprays 
indoors without proper ventilation. Carbon monoxide (CO) poisoning and fatalities 
are often caused by faulty vents and chimneys or by the bviming of charcoal indoors. 
Biological sources of air pollution are also found indoors as gases and airborne 
particulates. Pets produce dander, people produce dust from minute skin flakes and 
decomposed hair, dust mites in bedding, carpeting and fiimiture produce enzymes & 
micromefre-sized fecal droppings and houseplants, soil and surrounding gardens can 
produce pollen, dust and mold. The lack of air circulation allows these airborne 
pollutants to accumulate more than they would otherwise occur in nature. 
Therefore an attempt has been made to examine the impact of indoor air pollution 
on human health. For the analysis two variables i.e. X and Y referring to indoor air 
pollutants and associated diseases as independent and dependent variables 
respectively have been selected. Seven types of major problems that lead to indoor air 
pollution are taken into consideration: 
• Use of Clean Fuels (Xj) 
• Use of Conventional Fuels (X2) 
• Smoking inside the House (X3) 
• Smoke come from Outside (X4) 
• Smoke remain inside the House for longer period (X5) 
• Cooking in the Living room/ Lack of kitchen (X6) 
Six types of diseases associated with the above factors have been considered: 
• Acute Respiratory Infection (Yi) 
329 
• Chronic Obstructive Pulmonary Disease (Y2) 
• Asthma (Y3) 
• Respiratory Allergies (Y4) 
• Lung Cancer (Ys) 
• Cardiovascular Diseases (Ye) 
Table 8.14 shows the results of data analysis. Different diseases related to indoor 
environmental pollution have been selected for detailed study in the sampled wards 
that reveals contrasting features. Table 8.16 indicates that Chronic obstructive 
pulmonary disease claim the remarkable share of 22.67 per cent. It is being followed 
by cardio vascular diseases (21.15 per cent), Acute Respiratory Infection (19.88 per 
cent), tuberculosis (14.51 per cent), asthma (10.83 per cent) while 6.75 per cent 
reported for no problems. 
Acute Respiratory Infections (ARI): may cause inflammation of the respiratory 
tract anywhere from nose to alveoli, with a wide range of combination of symptoms 
and signs. ARI is often classified by clinical syndromes depending on the site of 
infection and is referred to as ARI of upper (AURI) or lower (ALRI) respiratory tract. 
The upper respiratory tract infections include common cold, pharyngitis and otitis 
media. The lower respiratory tract infections include epiglottitis, laryngitis, 
laryngotracheitis, bronchitis, bronchiolitis and pneumonicP. They claim (Fig. 8.26a) 
a remarkable share of 20.56 per cent in very high density areas followed by high 
density areas (18.38 per cent) medium density areas (17.66 per cent) and low density 
areas (12.89 per cent). The diseases show strong positive correlation with 
conventional fiiels (r=+0.989), smoke remains inside the house (r=+0.982), smoking 
inside the house (r=+0.973), smoke coming from outside (r=+0.966) and cooking in 
the living room (r=+0.933). 
Chronic Obstructive Pulmonary Diseases (COPD): is a group of illnesses in which 
the airways become narrowed. The flow of air into and out of the lungs is impaired. 
This leads to a limitation of the flow of air to and from the lungs causing shortness of 
breath. COPD is caused by noxious particles or gases, most commonly from smoking, 
which triggers an abnormal inflammatory response in the lung '^*. The inflammatory 
23.Park,K.,op. cit.,p. 2005. 
24. Rabe, K.F., Hurd, S., Anzueto, A. et al (2007). "Global Strategy for the Diagnosis, Management, 
and Prevention of Chronic Obstructive Pulmonary Disease: GOLD Executive Summary". Am. J. 
Respir. Crit. Care Med. 176 (6): p. 532-55. 
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response in the larger airways is known as chronic bronchitis which is diagnosed 
clinically when people regularly cough up sputum. In the alveoli, the inflammatory 
response causes destruction of the tissue of the limg, a process known as 
emphysema^^. The natural course of COPD is characterized by occasional sudden 
worsening of symptoms called acute exacerbations most of which are caused by 
infections or air pollution. The primary risk factors are chronic tobacco smoking, 
indoor air pollution and prolong exposure to workplace dust etc^ '^ ^^ . It is reported by 
20.78 per cent in high density areas followed by 19.83 per cent, 16.88 per cent and 
15.42 per cent in very high density, medium density and low density areas 
respectively (Fig. 8.26b). It is positively correlated with all variables but shows strong 
correlation with smoke from outside (r=+0.922), smoking inside the house (r=+0.920) 
and use of conventional fuels (r=+0.857). 
Asthma: is a chronic condition involving the respiratory system in which the airways 
occasionally constrict, become inflamed, and are lined with excessive amoimts of 
mucus, often in response to one or more triggers. These episodes may be triggered by 
such things as exposure to an environmental stimulant such as an allergen, 
environmental tobacco smoke, cold or warm air, perfume, pet dander, moist air, 
exercise or exertion, or emotional stress. In children, the most common triggers are 
viral illnesses such as those that cause the common cold . This airway narrowing 
causes symptoms such as wheezing, shortness of breath, chest tightness and coughing. 
It got highest percentage (i.e. 16.87 per cent) in low density areas that decreases to 
13.8 per cent, 12.45 per cent and 11.65 per cent in high density, medium density and 
very high density areas respectively (Fig. 8.26c). Table 8.17 indicates that it is 
positively correlated with use conventional fuel (r=+0.998), smoke remain inside the 
house (r=+0.977), smoking inside the house (r=+0.928) cooking in living room 
(r=+0.922) and smoke from outside (r=+0.917). 
Respiratory allergies: refers to shortness of breathing, breathlessness, suffocation 
25. Hogg, J.C, Chu, F., Utokaparch, S. et al "The Nature of Small-Airway Obstruction in Chronic 
Obstructive Pulmonary Disease". New England Journal of Medicine, 350 (26), 2004, p. 2645-53. 
26. Hnizdo E, Vallyathan V "Chronic Obstructive Pulmonary Disease due to Occupational Exposure to 
Silica Dust: A review of Epidemiological and Pathological Evidences" Occup Environ Med 60 (4), 
2003, p. 237-43. 
27. Kennedy SM, Chambers R, Du W, Dimich-Ward H "Environmental and Occupatiuonal Exposure: 
do they affect Chronic Obstructive Pulmonary Disease differently in Women and Men", 
Proceedings of the American Thoracic Society 4 (8), 2007, p. 692-4. 
28. Zhao J, Takamura M, Yamaoka A, Odajima Y, likura Y "Altered eosinophil levels as a result of 
viral infection in asthma exacerbation in childhood". Pediatr Allergy Immunol, 13 (1): 2002 p 47-
50. 
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DELHI 
MOST FREQUENTLY REPORTED DISEASES 
Percentage of Acute Respiratory 
Infection 
Percentage of Chronic Obstructive 
Pulmonary Diseases 
Index 
10-14.5 ^ 1 Low 
14.«-19 ^ 3 M»*«» 
19.1-23 ^ S Bi8>> 
Fig. 8.26a 
Percentage of Asthma 
Fig. 8.26b 
Percentage of Respiratory Allergies 
Index 
10.12.5 | g | Low 
n.6-15 ^ ^ MtdMo 
15.1-17.5 ^ High 
Fig. 8.26c 
Source: Based on Field Survey (2004-2005) 
Fig. 8.26d 
Fig. 8.26 
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and morning cough etc receded highest per cent (i.e. 19.66 per cent) in very high 
density areas followed by 15.98 per cent, 14.94 per cent and 12.96 per cent in low 
density, medium density and high density areas (Fig. 8.26d). Table 8.17 indicates that 
they are positively correlated with all variables but are strongly correlated with 
smoking inside the house (r=+0.983), use of conventional fuels (r=+0.979) smoke 
from outside (r=+0.979) and smoke remain inside the house for longer period 
(r=+0.936). 
Lung Cancer: is closely related with poor indoor air quality, exposure to asbestos, 
arsenic and its compounds and particles containing polycyclic aromatic hydrocarbons 
etc. It claims the remarkable share of 18.33 per cent in high density areas followed by 
7.98 per cent in very high density areas, 7.22 per cent in medium density areas and 
4.56 per cent in low density areas (Fig. 8.27a). It shows positive correlation with 
smoke from outside (r=+0.973), smoking inside the house (r=+0.972), conventional 
fuel (r=+0.924) and cooking in the living room (r=+0.846). 
Cardio-vascular Diseases (CVD): comprise of a group of diseases of the heart and 
the vascular system. The major conditions are ischaemic heart disease, hypertension, 
cerebrovascular disease and congenial heart disease. It claims the remarkable share 
of 21.56 per cent in high density areas while in very high, medium and low density 
areas it is recorded at 19.31 per cent, 15.98 per cent and 8.03 percent respectively 
(Fig. 8.27b). It shows positive correlation with all factors but is sfrongly correlated 
with smoke remains inside the house (r=+0.982), conventional fiiel (r=+0.928), 
smoking inside the house (r=+0.886), smoke coming from outside (r=+0.855) and use 
of convectional fuels (r=+0.840). 
8.4.2.1.1. Relationship between Indoor Pollution and Occurrence of Diseases 
In order to understand the association between causal factor and incidence of 
diseases at varying degree, the diseases are grouped in to four categories on the basis 
of percentage of correlation i.e. < 25 per cent, 25- 50 per cent, 51 - 75 per cent and > 
75 per cent. Table 8.18 indicates that use of clean fuels have relationship between 25-
75 per cent with ARI, cardiovascular diseases, lung cancer, asthma, COPD and 
respiratory allergies. The use of conventional fuels, smoking inside the house and 
smoke come from outside show more than 75 per cent relationship with the above 
diseases. In the case of smoke remain inside the house for a longer period, the 
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diseases such as lung cancer show the relationship between 50-75 per cent while ARI, 
cardiovascular diseases, asthma and COPD show the relationship above 75 per cent. 
Similarly cooking in the living room have the relationship between 51-75 per cent 
with the diseases such as COPD and cardiovascular while ARI, respiratory allergies, 
lung cancer and asthma show above 75 per cent relationship. 
8.4.2.1.2. Intensity of Poilution and Occurrence of Diseases 
In order to find out the relationship between intensity of pollution and 
intensity in the occurrence of diseases, the composite mean Z-score index is 
developed. Tables 8.19 and Fig. 8.28a exhibit that high intensity of pollution is found 
in very high density areas and high density areas with the composite mean value of 
1.69 and 1.59 respectively. The medium intensity of pollution is observed in medium 
density areas (0.12) and low intensity of pollution is found in low density areas (-
3.40). Similarly, in the case of diseases (Table 8.20 and Fig. 8.28b) very high and 
high density areas has recorded high incidence of diseases with the composite mean 
value of 2.83 and 1.22 respectively whereas the medium and low density areas 
recorded medium (-1.29) and low (-2.74) intensity of pollution. 
8.4.2.2. Water Pollution: water is regarded as man's best fHend in the physical 
environmrait. As an article of physiological necessity, it has a high place in the 
healthy maintenance of the body. Water intended for human consumption should be 
not only completely safe but agreeable to use and wholesome; otherwise it leads to a 
lot of health problems. Although municipal water supply is considered to be the best 
and least contaminated but it also get polluted through the seepage of waste water into 
the water supply or putrid water due to faulty joints, corrosion of pipe lines, leaky 
joints and cross connection between water supply and sewage drainage pipes. 
Besides, insufficient supply of water derive consumer to other less safe sources 
resulting into a number health hazards. Man's health may be affected by the ingestion 
of contaminated water either directly or through food; and by the use of contaminated 
water for purpose of personal hygiene. Adverse health effects related to poor water 
quality can be organized into three categories; water-borne diseases including those 
caused by both fecal-oral organisms and those caused by toxic substances; water 
based diseases and water-related vector diseases. Here the water borne diseases are 
taken into consideration. 
An attempt has been made to find out the relationship between water pollution 
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and human health. For the analysis two variables i.e. X and Y referring to water 
pollution and associated diseases as independent and dependent variables respectively 
have been selected. Seven types of major variables related to water supply are taken 
into consideration. 
• Piped water (Xi) 
• Tube wells (X2) 
• Hand pumps (X3) 
• Tank//Roadside (X4) 
• Satisfactory (X5) 
• Unsatisfactory (X6) 
• Store in open containers (X7) 
• Store in closed containers (Xg) 
Seven types of diseases associated with the water pollution have been considered: 
• Diarrhoea (YI) 
• Dysentery (Y2) 
• Cholera (Y3) 
• Typhoid (Y4) 
• Amoebiasis (Y5) 
• Hepatitis A (Ye) 
• Others -Giardiasis and Poliomyelitis (Y7) 
Table 8.21 shows that the different diseases related to water pollution have 
been selected for detailed study in the sampled wards reveal contrasting features. It 
indicates that dysentery claims the remarkable share of 20.67 per cent. It is followed 
by typhoid (19.87 per cent), diarrhoea (13.88 per cent), cholera (12.83 per cent), 
hepatitis A (10.15 per cent) and others (8.75 per cent) while 7.64 per cent reported for 
no problems. 
Diarrhoea: Diarrhoea is defined as the passage of loose, liquid or watery stools. 
These liquid stools are usually passed more than three times a day. However, the 
WHO/UNICEF^^  define "acute diarrhoea" as an attack of sudden onset, which usually 
lasts 3 to 7 days, but may last up to 10-14 days. It is caused by an infection of the 
bowels. Diarrhoea is more common in persons with malnutrition, contaminated food 
29. UNICEF, Assignment Children, No. 61/62, 1983. 
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and water and lack of personal and domestic hygiene. It claims 12.89 per cent in low 
density areas and declines to 12.38 per cent, 11.56 per cent and 9.66 per cent in high, 
very high and medium density areas respectively (Fig. 8.29a). Table 8.22 indicates 
that it is positively correlated with unsatisfactory water quality (r=+0.995), storage of 
water in open container (r=+0.982), tank/ roadside water supply (r=+0.954), hand 
pumps (r=+0.918) and tube wells (r=+0.902). 
Dysentery (including both amoebic and bacillary dysentery): is an infection of the 
digestive system caused by Shigella/Salmonella bacteria. It is formerly known as flux 
or the body flux in frequent small volume and in severe cases it shows blood in the 
feces along with intestinal cramping and tenesmus^" (painful training to pass stool). 
Contaminated food or water is responsible for the occurrence of this disease. It claims 
a rranarkable share of 17.78 per cent in high density areas followed by medium 
density (16.88 per cent) very high density (15.83 per cent) and low density areas 
(15.42 per cent). It shows a strong positive correlation with piped water supply 
(r=+0.909), tube wells (r=+0.897), hand pumps (r=+0.898) and tank/ roadside water 
supply (r=H-0.812) whereas the rest of the factors also show positive correlation. 
Cholera: is an acute diarrhoeal disease caused by V. Cholerae Oi(classical or EI Tor). 
Cases range from symptomless to severe infections. The majority of the infections are 
mild or asymptomatic. Typical cases are characterized by the sudden onset of profuse, 
effortless, watery diarrhoea followed by vomiting, rapid dehydration, muscular 
cramps and suppression of urine^'. The environmental factors of importance include 
contaminated water and food, low standards of personal hygiene, lack of education 
and poor quality of life. Unconfrolled water sources such as wells, lakes, ponds, 
streams and river pose a great threat. Fruits and vegetable washed with contaminated 
water can also be a source of infection. It is most frequently reported in low density 
areas (16.87 per cent) while in medium density, very high density and high density 
areas, it is reported by 12.45 per cent, 11.65 per cent and 10.89 per cent respectively 
(Fig. 8.29c). Table 8.22 depicts that the Infection is significantly correlated with 
storage of water in open containers (r=+0.988), tank/roadside water supply 
(r=+0.963), hand pumps (r=+0.932) and tube wells (r=+0.917). The other factors are 
also showing positive correlation. 
30. WHO (1969), Technical Report Serial No. 421. 
31. Park, K., op. cit., 2005, p. 175. 
343 
DELHI 
MOST FREQUENTLY REPORTED DISEASES 
Percentage of Diarrhoea Percentage of Dysentry 
N 
A 
Index 
9-10.3 ( n H Low 
10.6-12 ^ ^ Me*aB 
12.1-13.S I^S Ei«h 17.1-lSJ ^ i i Bi^ 
Fig. 8.29a 
Percentage of Cholera 
Fig. 8.29b 
Percentage of Typhoid 
Index 
9-11.« 0 1 3 Low 
11.7-14.2 ^ ^ Mtimi 
14.3-16.8 ^ S Eigh 
Fig. 8.29c 
Source: Based on Field Survey (2004-2005) 
Fig. 8.29d 
Fig.8.29 
344 
a a 
a 
cu 
u 
Q 
a 
u 
d 
s 
o 
•c 
• M 
ca 
a 
-d 
« 
lU 
a 
o 
s 
= 3 O 
^ § 
a g-
1^ 
C9 
Pi 
,, 
5 4^  
Q 
fM 
<s 
00 
a> 
JO 
«t 
H 
.3 
en 
a> 
.a 
C4 
• H« 
u 
9t > 
» 
O 
s •2 
*C et 
> 
T3 
ca 4> 
o. V 
o 
-t-l 
"O -
« 
•a -
a ' HN
[^ 
>^  
>o 
> 
> 
^ 
> 
V) 
D 
ei 
c n 
> 
* 
* 
* 00 
00 
d 
1 
u-i 
^ 
d 
o 
00 
d 
00 
d 
00 
d 
« 
« 
« 
O 
ON 
d 
O 
oo 
d 
>< 
* 
« 
* 00 
ON 
d 
in 
oo 
vo 
d 
» 
* 
* 
d 
* 
* 
* 
d 
# 
« 
« 
o\ 
d 
« 
* 
• 
ON 
OO 
d 
* 
* # 
CM 
o 
Ov 
d 
X 
* 
* # 
ON 
d 
»-H 
ro 00 
d 
« 
« 
* 
ON 
d 
* 
• 
OO 
0\ 
d 
* 
» 
CO 
ON 
d 
* 
* 
* 
OS 
00 
d 
• » 
» 
* 
00 
o\ 
d 
X 
"n 
<n 00 
d 
* 
o 
•-^  0^ 
d 
* 
OS 
o\ 
d 
e^ 
* 
<n 
o\ 
d 
« 
* 
NO 
ON 
O 
«N 
00 
d 
* 
* 
<n 
0\ 
d 
>^ 
>n 
ra 
d 
* 
* 
Os 
d 
* 
* 
ON 
d 
« 
• 
SO 
o 
ON 
d 
* 
* 
* 
VO O 
OS 
d 
ON 
00 
NO 
d 
# 
OS 
ON 
d 
X 
t~-
«N 00 
d 
>o 
oo 
so 
d 
ON 
d 
* 
* 
so 
OS 
00 
d 
<n 
00 
so 
d 
r-~ 
NO 
d 
o 
so 
d 
X 
00 
o 00 
d 
# 
<n 
<<) 
OS 
d 
* 
00 
00 
OS 
d 
* 
# 
OS 
d 
* 
00 
oo 
OS 
d 
VO 
so 
d 
* 
00 
OS 
d 
X 
ON 
OS 
SO 
d 
so 
• ^ 
<n 
d 
NO 
d 
• * 
d 
d 
1-H 
d 
d 
oo 
X 
bO 
-a 
^ , ^ 5 
~i <N 
§ 
- H " ^ 
Typhoid Fever: is the result of systemic infection mainly by S.typhi found only in 
man. The disease is clinically characterized by a typical continuous fever for 3 to 4 
weeks, relative bradycardia with involvement of lymphoid tissues and considerable 
constitutional symptoms^ .^ Numerous social and environmental factors have been 
found to be responsible for occurrence of the disease such as polluted drinking water 
supplies, open air defecation and urination, low standards of food and personal 
hygiene and health ignorance. Besides, vegetables grown in sewage farms or washed 
in contaminated water are also positively related to this health hazards. It is reported 
by 19.66 per cent of the respondents in very high density areas followed by low 
density (15.98 per cent), medium density (14.94 per cent) and high density (13.96 per 
cent) areas (Fig. 8.29d). Table 8.22 indicates that there is a strong correlation between 
occurrence of this disease and household problems such as tank/roadside water 
supplies (r=+0.975), open containers (r=+0.957), tube wells (r=+0.941) and hand 
pumps (r=+0.918) while the rest of the factors are also positively correlated. 
Amoebiasis: it has been defined by WHO as the condition of harbouring the 
protozoan parasite Entamoeba histolytica with or without clinical manifestations. The 
symptomatic disease occurs in less than 10 per cent of infected individuals". The 
symptomatic group has been further subdivided into intestinal and extra intestinal 
amoebiasis. The intestinal disease varies fi"om mild abdominal discomfort and 
diarrhoea to acute fulminating dysentery. Extra intestinal amoebiasis includes 
involvement of liver, Ixmgs, brain, spleen and skin etc. It is a frequently a household 
infection and is more closely related to poor sanitation and polluted drinking water. It 
may readily occur through intake of contaminated water or food and vegetable, 
especially those eaten raw, from fields irrigated with sewage polluted water. Vectors 
such as flies, cockroaches and rodents are capable of carrying cysts and contaminating 
food and drink. It claims the remarkable share of 12.98 per cent in very high density 
areas followed by high density (9.33 per cent), medium density (7.22 per cent) and 
low density (5.56 per cent) areas. Table 8.22 depicts that the infection is significantly 
correlated with open containers (r=+0.988), tank/roadside water supply (r=+0.979), 
unsatisfactory quality of water (r=+0.973) tube wells (r=+0.932) and hand pumps 
(r=+0.931) while the rest of the factors are also positively correlated. 
32. Park, K., op. cit, 2005, p. 187. 
33. Youman, G.P. et al, The Biological and Clinical basis of Infectious Diseases, 2"" Ed., Saunders, 
1980. 
34(S 

Hepatitis A: is an acute infectious disease caused by hepatitia A virus (HAV). The 
disease is heralded by non-specific symptoms such as fever, chills, headache, fatigue, 
generalized weakness and aches and pains, followed by anorexia, nausea, vomiting, 
dark urine and jaundice^"*. The disease spectrum is characterized by the occurrence of 
numerous sub clinical or asymptomatic cases. Poor sanitation and contaminated food 
and water are favouring the spread of the infection. The disease claims the remarkable 
share of 13.31 per cent in high density areas followed by 11.39 per cent, 10.56 per 
cent and 5.98 per cent in low density, very high density and mediiun density areas 
respectively (Fig.8.30b). It shows a positive correlation with all factors but is strongly 
correlated with unsatisfactory water quality (r=+0.942), open containers (r=+0.935), 
tank/roadside water supply (r=+0.910) and hand pumps (r=+0.831). 
Others: include Giardiasis, Poliomylitis and Ascariasis etc. The environmental 
sources of infection are untreated water supply, poor sanitation, pipe breaks, leaks, 
groundwater contamination and flies. In case of these diseases, low density areas 
posses the remarkable share of 15.23 per cent being followed by 14.67 per cent, 10.65 
per cent and 7.56 per cent in medium density, high and very high density areas 
respectively. It shows the significant positive correlation with tube well (r=+0.928), 
hand pump (r=+0.916) piped water (r=+0.898) and tank/roadside water supply 
(r=+0.855). Rests of the factors are also positively correlated. 
8.4.2.2.1. Relationship between Water Pollution and Occurrence of Diseases 
In order to understand the association between causal factor and incidence of diseases 
at varying degrees, the diseases are grouped into four categories on the basis of 
percentage of correlation i.e. < 25 per cent, 25 - 50 percent, 5 1 - 75 percent and > 75 
per cent. Table 8.23 indicates that the use of piped water have more than 75 per cent 
positive relationship with diarrhoea, dysentery, cholera, amoebiasis and others. The 
use of tube wells, show more than 75 per cent relationship with the above diseases 
excluding Hepatitis A which has a relationship between 25-75 per cent positive. In 
case of hand pumps and tank/roadside water supply and storage of water in open 
containers, all the diseases (i.e. diarrhoea, dysentery, cholera, typhoid, amoebiasis, 
hepatitis A, others) show the relationship above 75 per cent. In case of satisfactory 
water quality dysentery and other have the relationship between 51-75 per cent while 
diseases such as diarrhoea, cholera, typhoid, hepatitis A and amoebiasis show above 
34. Park, K., op. cit., 2005, p. 167-174. 
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75 per cent relationship. All the diseases show the relationship between 51-75 per cent 
with storage of water in closed container. 
8.4.2.2.2. Intensity of Pollution and Occurrence of Diseases 
In order to find out the relationship between intensity of pollution and 
intensity of occurrence of diseases, the composite mean Z-score index is developed. 
Tables 8.24 and Fig. 8.31a exhibit that high intensity of pollution is found in low 
density areas with the composite mean value of 1.27. The medium intensity of 
pollution is observed in very high (0.12) and high density (-0.49) areas and low 
intensity of pollution is found in medium density areas (-0.90). In the case of intensity 
of diseases (Table 8.25 & Fig. 8.31b), very high and high density areas has recorded 
high incidence of diseases with the composite mean value of 1.48 and 1.20 
respectively. Medium intensity has recorded in low density areas (0.76) and low 
intensity is observed in medium density areas (-3.45). 
8.4.2.3. Noise Pollution: noise pollution health effects are both physical and 
behavioral in nature. It can damage physiological and psychological health and can 
cause aimoyance and aggression, hypertension, high stress levels, tinnitus, hearing 
loss, sleep disturbances and other harmfiil effects. Furthermore, stress and 
hypertension are the leading causes of heart problems, whereas tinnitus can lead to 
forgetfulness, severe depression and at times panic attacks. Chronic exposure to noise 
may cause noise-induced hearing loss. High noise levels can contribute to 
cardiovascular effects and exposure to moderately high levels during a single eight 
hour period causes a statistical rise in blood pressure of five to ten points and an 
increase in stress and vasoconstriction leading to the increased blood pressure and 
increased incidence of coronary artery disease as well. 
An attempt has been made to find out the relationship between noise pollution and 
human health. Six major causes of indoor noise pollution are taken into consideration: 
• Home appliances (Xi) 
• Industries (X2) 
• Automobiles (X3) 
• Markets (X4) 
• Neighbourhood (X5) 
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• Others (including religious function, marriage ceremony and political address 
system) (X6) 
Six types of diseases associated with the indoor noise pollution have been considered: 
• Hearing loss (Yi) 
• Annoyance/aggression (Y2) 
• Effect on communication/work efficiency/sleep (Y3) 
• Rise in B.P./Heart rate/Breathing/Sweating (Y4) 
• Headache/Nausea/Giddiness/Fatigue (Y5) 
• Depression/mood swings/indigestion/hypertension (Ye) 
Table 8.26 shows that different diseases related to noise pollution selected for 
detailed study in the sampled wards exhibit contrasting features. It indicates that rise 
in blood pressure/ heart beat/ breathing/sweating claim the remarkable share of 19.89 
per cent. It is being followed by annoyance/aggression (19.78 per cent), effect on 
communication/work efficiency/sleeping (15.83 per cent), depression/mood 
swings/indigestion/hypertension (12.77 per cent) and hearing loss (10.88 per cent) 
while 11.64 per cent reported for no problems. 
Hearing loss: exposure to noise pollution exceeding 75dB for more than eight hours 
daily for a long period of time can cause loss of hearing. It is more frequently reported 
in high density areas (12.38 per cent) while in very high density, medium density and 
low density areas the respective is recorded at 10.56 per cent, 9.66 per cent and 5.89 
per cent (Fig. 8.32a). Table 8.27 indicates that it is positively correlated with 
industries (r=+0.983), home appliances (r=+0.963), automobiles (r=+0.959), others 
(i=+0.937) and neighbourhood (r=+0.926). 
Annoyance/Aggression: the excessive noise could carry several ill-effects especially 
annoyance or aggression. It claims the remarkable share of 21.83 per cent in very high 
density areas that decreases to 17.78 per cent, 16.88 per cent and 12.42 per cent in 
high density, medium density and low density areas respectively (Fig. 8.32c). It shows 
positive correlation with all factors but are strongly correlated with automobiles 
(i=+0.982), industries (r=+0.977), neighbourhood (r=+0.976), markets (r=+0.974) and 
others (r=+0.954). 
Effect on Communication/Work efficiency/Sleep: In case of this problem, very 
high density areas posses the remarkable share of 15.65 per cent that decreases to 
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MOST FREQUENTLY REPORTED DISEASES 
Percentage of Hearing Loss Percentage of Routine Life Disturbance 
Fig. 8.32a Fig. 8.32b 
Percentage of Annoyance Percentage of Rise in Heart beat/BP/ 
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17.1-20.5 
Fig. 8.32c Fig. 8.32d 
Source: Based on Field Survey (2004-2005) 
Fig. 8.32 
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14.89 per cent (high density areas), 12.45 per cent (medium density areas) and 10.87 
per cent (low density areas). It shows significant correlation with industries 
(r=+0.997), other sources (r=+0.978), automobiles (r=+0.951), home appliances 
(r=+0.914) and neighbourhood (r=+0.909). 
Rise in Blood Pressure/Heart beat/Breatliing/Siyeating: It claims the remarkable 
share of 19.66 per cent in very high density areas that is closely followed by medium 
density (14.94 per cent), high density (13.96 per cent) and low density (12.98 per 
cent) areas. Table 8.27 show that it is positively correlated with neighbourhood 
(r=-H).979), home appliances (r=+0.975), market (r=+0.968) and vehicle (r=+0.952). 
Headache/Nausea/Giddiness/Fatigue: it got the highest percentage i.e. 19.33 per 
cent in high density areas followed by 12.98 per cent (very high), 12.24 per cent 
(medium density) and 10.56 per cent (low density). Table 8.27 indicates that it is 
positively correlated with neighbourhood (r=+0.981), automobiles (r=+0.955), home 
appUances (r=+0.950), market (r=+0.945) and industries (r=+0.896). 
Depression/mood swings/indigestion/liypertensioii: It claim a remarkable share of 
15.12 per cent in very high density areas followed by high density (13.86 per cent) 
low density (11.18 per cent) and medium density areas (10.62 per cent). It shows 
strong positive correlation with market (r=+0.975), neighbourhood (r=+0.933) and 
vehicles (r=+0.886). 
8.4.2.3.1. Relationship between Indoor Noise Pollution and Incidence of Diseases 
In order to understand the association between causal factor and incidence of 
diseases at varying degrees, the diseases are grouped into four categories on the basis 
of percentage of correlation i.e. < 25 per cent, 25 - 50 percent, 5 1 - 7 5 percent and > 
75 per cent. Table 8.28 indicates that all the causal factors i.e. home appliances, 
industries, automobiles, markets, neighbourhood and others (including religious 
function, marriage ceremony and political address system) have more than 75 per cent 
positive relationship with hearing loss, annoyance/aggression, effect on 
communication/work efficiency/sleeping, rise in B.P./heart rate/Breathing/Sweating, 
headache/nausea/giddiness/fatigue and depression/mood swings/ indigestion/ 
hypertension. 
8.4.2.3.2. Intensity of Pollution and Occurrence of Diseases 
In order to find out the relationship between intensity of pollution and 
intensity of occurrence of diseases, the composite mean Z-score index is developed. 
Table 8.29 and Fig.8.33a exhibit that high intensity of pollution is found in high 
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density areas with the composite mean value of 5.77. The medium intensity of 
pollution is observed in high (2.12) and medium density (-2.43) areas and low 
intensity of pollution is found in medium density areas (-5.46). In case of intensity of 
diseases, Table 8.30 and Fig. 8.33b indicate that very high and high density areas have 
recorded high incidence of diseases with the composite mean value of 3.95 and 2.85 
respectively. The medium intensity has been recorded in medium density areas (-1.25) 
and low intensity is observed in low density areas (-5.46). 
8.4.2.4. Solid Waste Pollution & Drainage System: poor solid waste management 
and drainage system lead to a number of health problems as it provides breeding 
ground for disease vectors primarily flies, mosquitoes and rats etc. An attempt has 
been made to find out the relationship between solid waste pollution and drainage 
system and its impact on himian health. Nine types of major problems related to solid 
waste and drainage system are taken into consideration: 
• Use of open container for waste (Xi) 
• Use of closed container for waste (X2) 
• Daily disposal of waste (X3) 
• Irregular disposal of waste (X4) 
• Waste spread in the locality (X5) 
• Waste not spread in the locality (X^) 
• Open drain in the locality (X7) 
• closed drain in the locality (Xs) 
• Permanent water logging (X9) 
• Temporary water logging (X9) 
Six types of diseases associated with the above factors have been considered: 
• Malaria (Yi) 
• Filaria (Y2) 
• Dengue fever (Y3) 
• Diptheria (Y4) 
• Measels (Y5) 
• Small pox / Chiken pox (Ye) 
Table 8.31 shows that different diseases related to solid waste and poor 
drainage system selected for detailed study in the sampled wards show contrasting 
features. It indicates that malaria claim the remarkable share of 16.88 per cent 
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followed by diphtheria (16.87 per cent), small pox/chicken pox (16.45 per cent), 
measles (15.21 per cent) dengue fever (14.83 per cent) and filaria (11.67 per cent) 
while 8.09 per cent reported for no problems. 
Malaria: is a protozoal disease caused by infection with parasites of the genus 
Plasmodium and transmitted to man by certain species of infected female Anopheline 
mosquitoes. A typical attack comprises three distinct stages: cold stages, hot stage and 
sweating stage. The clinical features of malaria vary from mild to severe and are 
complicated according to the species of the parasites present, the immunity of patient, 
the intensity of the infection and also the presence of concomitant conditions such as 
malnutrition or other diseases^ .^ The important risk factors are poor sanitary 
conditions, xmplanned settlements, burrow pits, garden pools, irrigation canals and 
engineering projects. It claims the remarkable share of 17.38 per cent in high density 
areas that decreases to 14.56 per cent, 12.89 per cent and 10.66 per cent in very high 
density, low density and medium density areas respectively (Fig. 8.35a). It shows a 
positive correlation with all the factors but is strongly correlated with open drains in 
the locality (r=+0.986), use of open containers (r=+0.981), Irregular disposal of waste 
(r=+0.947), permanent water logging (r=+0.938). 
Filariasis: the term "lymphatic filariasis" covers infection with three closely related 
nematodes •worms-W.bancrofti, B. malayi and B.timori. All these infections are 
transmitted to man by bites of infective mosquitoes. The disease manifestations range 
from none to both acute and chronic manifestations such as lymphangitis, 
lymphadenitis, elephantiasis of legs and arms or as an atypical form such as filarial 
arthritis. Though not fatal, the disease is responsible for considerable suffering, 
deformity and disability. Inadequate sewage disposal and lack of town plarming have 
aggravated the problem of filariase by increasing the facilities for the breeding of C. 
quinquefasciatus^^. The common breeding places are cesspools, soakage pits, ill-
maintained drains, septic tanks, open ditches, burrow pits etc. It got the remarkable 
share of 12.83 per cent in very high density areas that decreases to 12.78 per cent, 
10.42 per cent and 6.88 per cent in high density, low density and medium density 
areas respectively (Fig. 8.35b). It shows positive correlation with all the factors but 
are strongly correlated with waste spread in the locality (r=+0.989), permanent water 
35. Park, K., op. cit., 2005, p. 201. 
36.Ibid.,p.211. 
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MOST FREQUENTLY REPORTED DISEASES 
Percentage of Malaria Percentage of Filaria 
Fig. 8.35a 
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Fig. 8.35b 
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n-15 ^ low 
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Fig. 8.35c Fig. 8.35d 
Source: Based on Field Survey (2004-2005) 
Fig. 8.35 
ifm 
logging (r=+0.987), waste spread (r=+0.989), open drains in the locality (r=+0. 
0.978), irregular disposal of waste (r=+0.969) and use of open container for waste 
(r=+0.963). 
Dengue Fever: Dengue fever is the most common arthropod-borne self-limiting viral 
disease with clinical spectrum ranging from asymptomatic infection to life threatening 
shock. It is transmitted by mosquito vector. Poor drainage and waste disposal system 
enhances transmission. It is more frequently reported in low density areas (16.87 per 
cent) while in medium density, very high density and high density areas, it is reported 
by 12.45 per cent, 11.65 per cent and 10.89 per cent respectively (Fig. 8.35c). Table 
8.32 indicates that it is positively correlated with all the indicators but is significantly 
correlated with irregular waste disposal (r=+0.994), permanent water logging 
(r=+0.986), open drains (r=+0.984), use of open containers (r=+0.957) and temporary 
water logging (r=+0.950). 
Diptheria: is an acute infectious disease caused by toxigenic strains of 
Corynebacterium diptheriae. Three major types have been described: anterior nasal, 
faucial and laryngeal; however the skin, conjuctiva, vulva and other parts of body 
may be affected. The bacilli multiply locally, usually in the throat, and elaborate a 
powerful exotoxin. The disease is spread mainly by droplet infection. It claims the 
remarkable share of 19.66 per cent in very high density areas that decreases to 15.98 
per cent, 14.94 per cent and 13.96 per cent in low density, medium density and high 
density areas respectively (Fig. 8.35d). It shows a positive correlation with all the 
factors but is strongly correlated with permanent water logging (r=+0.965), irregular 
waste disposal (r=+0.969), temporary water logging (r=+0.924) and waste spread in 
the locality (r=+0.915). 
Measles: is an acute highly infectious disease of childhood caused by a specific virus 
of the group myxoviruses. It is clinically characterized by fever and catarrhal 
symptoms of the upper respiratory tract (coryza, cough), followed by a typical rash. 
Given a chance, the virus can spread in any season. Population density and movement 
and poor economic and environmental condition do affect epidemicity. It is more 
frequently reported in high density areas (17.33 per cent) while in low density, very 
high density and medium density areas; it is reported by 15.56 per cent, 12.98 per cent 
and 11.26 per cent respectively (Fig. 8.36a). Table 8.32 indicates that it is positively 
correlated with all the indicators but significantly correlated with use of open 
containers (r=+0.989), irregular waste disposal (r=+0.988), waste spread (r=+0.986). 
^AA 
r^  
vo 
m 
open drain (r=+0.980) and permanent water logging (r=+0.974). 
Small Pox/ Chicken Pox: small pox is an acute infectious disease caused by Variola 
virus, and clinically characterized by a sudden onset of fever, headache, backache, 
vomiting and some times convulsions, especially in children. On third day of fever, a 
typical rash appears which is centrifugal in distribution and passes through successive 
stages of macule, papule, vesicle, pustule and scab with subsequent scarring. Chiken 
Pox is an acute, highly infectious disease caused by varicella-zoster virus. It is 
characterized by vasicular rash that may be accompanied by fever and malaise. The 
clinical spectrum of chickenpox may vary from a mild illness with only a few 
scattered lesions to a severe febrile illness with widespread rash. It got the remarkable 
share of 16.39 per cent in low density areas that decreases to 14.56 per cent, 13.98 per 
cent and 13.31 per cent in very high density, medium density and high density areas 
respectively (Fig. 8.36b). It shows positive correlation with all the factors but is 
strongly correlated with waste spread in the locality (r=+0.978), open drain in the 
locality (r=+0.975), irregular waste disposal (r=+0. 972) and permanent water logging 
(1^+0.953). 
8.4.2.4.1. Relationship between Solid Waste PoUution and Drainage System and 
Incidence of Diseases 
In order to vmderstand the association between causal factor and incidence of 
diseases at varying degrees, the diseases are grouped into four categories on the basis 
of percentage of correlation i.e. < 25 per cent, 25 - 50 per cent, 51 per cent - 75 per 
cent and > 75 per cent. Table 8.33 indicates that all the causal factors i.e. Use of open 
and closed containers for waste, daily and irregular disposal of waste, waste spread 
and not spread in the locality, open and closed drains in the locality, permanent and 
temporary water logging have more than 75 per cent positive relationship with 
malaria, filaria, dengue fever, diphtheria, measels, small pox / chicken pox. Closed 
container for waste, daily disposal of waste and closed drain in the locality have the 
relationship with malaria between 50-75 per cent. 
8.4.2.4.2. Intensity of Pollution and Occurrence of Diseases 
In order to find out the relationship between intensity of pollution and 
occurrence of diseases, the composite mean Z-score index is developed. Table 8.34 
and Fig. 8.37a exhibit that high intensity of pollution is found in low density areas 
with the composite mean value of 1.34. The medium intensity of pollution is observed 
in very high (-0.58) and medium density (-0.48) areas and low intensity of pollution is 
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found in high density areas (-0.26). In the case of intensity of diseases (Table 8.35 and 
Fig. 8.37b), very high density areas has recorded high incidence of diseases with the 
composite mean value of 1.83. The mediiun intensity has been recorded in low 
density (1.01) and high density areas (0.51) and low intensity is observed in medium 
density areas (-3.37). 
From the above discussion it can be deduced that inside and outside 
population density and envirormiental conditions determine the quality of habitat in 
the study area. It has been observed that the housing problems have been prevailing in 
all density areas but the situation is grim mainly in high and very high density areas. 
In the case of envirormiental pollution, very high density and high density areas have 
been experiencing mainly the problem of air pollution, water pollution and noise 
pollution while the low density areas have been facing the problem of solid waste 
pollution and drainage system. The quality of household environment in medium 
density areas appears to be comparatively better. Regarding the relationship between 
poor housing conditions and indoor environmental pollution on human health is 
concerned, diseases associated with poor housing condition, air pollution, water 
pollution and noise pollution are mainly observed in high and very high density areas 
whereas the diseases associated with solid waste pollution, poor drainage system and 
water pollution are observed in low density areas. Diseases associated with poor 
housing and indoor envirormiental conditions are also found in medium density areas 
but the situation is comparatively better. Thus, the hypothesis fifth which states that 
the quality of housing and indoor environment depend on the population density, is 
accepted in this chapter. The hypothesis sixth that correlate habitat quality and health 
condition also appear to be true in this chapter. 
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Delhi, a symbol of ancient values and modem aspirations and the focus of 
socio-economic and political life, has a distinct personality based on the history of 
centuries. Due to its strategic location it has held the centre stage throughout its long 
history. Today, at the culmination of that history, it represents a concentration of 
people and their multifarious activities on a scale much larger than ever before. It is 
one of the world's most important centres of international, political, economic and 
cultural intercourse and is the busiest node of the country, serving specially its 
northern half Through road, rail and telecommunications, it has reached out to the 
remotest comers of our vast territorial extent and has become the hub of politics and 
administration, industry, trade and commerce, higher education, culture and sports 
and is fast acquiring a cosmopolitan character drawing in people from all parts of the 
country and from all over the world in its diplomatic life. 
The time for significant change especially in its demographic and 
morphological characteristics that began with the independence of the coimtry is 
continuing till date. From the last few decades, Delhi has been experiencing a 
phenomenal growth of urban population. It is mainly its privileged position that has 
always been exerting its pull and people from near and far prefer to settle there. Large 
groups of migrants are arriving and population especially the urban is swelling at a 
rapid rate leading to its physical growth directly as well as indirectly. Directly, it is 
leading to the construction of more and more residential colonies whereas indirectly 
there has been an increase in commercial and industrial activities; causing a 
tremendous pressure on urban amenities like water supply, sewage, sanitation, power, 
transport and communication that is resulting in the expansion of urban areas and 
degradation of environment. It encompasses diverse land use patterns, complicated 
social and economic functions and deteriorating quality of physical environment. 
From the foregoing discussion regarding impact of urban development on 
environment and morphological changes in the municipal corporation of Delhi, it has 
been observed that the process of unplanned urban development has made a profound 
impact on the environment and its morphology in the form of different types of 
environmental pollutions, unprecedented urban expansion and changing urban and 
rural land use pattern. 
The study of environmental pollution with special reference to air quality 
reveals that the anthropogenic sources especially unchecked growth of vehicles have 
modified the air quality inadvertently. The variation in the pollutant concentration is 
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observed to be temporal as well as spatial. The peculiarity of spatial variation in the 
concentration and characteristics of pollutants is mainly due to varying land uses 
activities. The air quality has been observed to show a marked improvement as the 
gaseous pollutants have been showing declining trend due to enforcement of stringent 
emission norms, relocation of industries and better availability of public transport. 
The particulate pollutants have been showing increasing trend due to increasing 
number of vehicles, power plants and construction work. The effect of meteorological 
factors has also been observed in the pre-monsoon, monsoon and post-monsoon 
periods. The pollutant concentration is observed to be moderate during pre-monsoon 
period, low in monsoon and high in post -monsoon period. 
An analysis of water quality reveals that siirface water as well as ground water 
has been deteriorating day by day due to increasing discharge of domestic and 
industrial waste. Rapid population growth accompanied by intense anthropogenic 
activities not only increased the demand of water but also significantly enhanced the 
discharge of pollutants in water bodies. Besides, due to big gap between sewage 
production and treatment facilities a significant amount of sewage having high BOD 
load is bound to flow untrapped. Consequently, the water quality of river Yamuna is 
in extremely deteriorated condition and not suitable for any designated use. Moreover, 
the water quality of lakes and reservoirs has also been deteriorating day by day due to 
waste water discharge, industrial discharge, open defecation and cattle wading etc. 
The water bodies are suffering fi-om high level of chemicals, pesticides, trace metals 
and low levels of oxygen. Similarly the ground water quality has also been 
deteriorating due to overexploitation of groimd water, discharge of industrial & 
agricultural wastes and seepage from the sanitary land fill sites. 
In the analysis of noise pollution, the intensity of pollution has been found to 
be associated with increasing human activities especially transportation, industry, 
economic and socio-cultural activities. The volume and intensity of various noise 
making activities has been increasing day by day due to increasing concentration of 
population. It has also been observed that the noise levels in different parts of study 
area such as residential, industrial, commercial and sensitive areas shows distinctive 
spatial variation due to variation in land use pattern. The major sources of noise in 
residential areas are two, three and four wheelers, the hawkers, radio and television 
etc. In commercial areas two, three and four wheelers, buses and generators are the 
major source of pollution. The important source of pollution in industrial areas are 
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industrial activities comprising of industrial power rolling, blowing, grinding, cutting, 
drilling, industrial power machines and heavy generators etc. The violation of 
standard limits (CPCB) has been observed in both day and night time mainly due to 
callous attitude of inhabitants and authority towards this pollution. 
The analysis of solid waste pollution shows a significant increase in its 
generation. The quantity and characteristics of the waste have been found to be 
directly proportional to rapid population growth, increasing economic productivity 
and changing life style of the people. Municipal Corporation of Delhi, responsible for 
the collection and disposal of wastes, is unable to deal with the increasing quantity 
produced everyday. As a result, a major part of the wastes remains imcoUected and 
accumulates in the form of heaps at various locations within the inhabited areas. 
Moreover, the industrial and bio-medical solid waste has also been increasing due to 
increasing nimiber of industrial units and expansion of health care facilities. The 
prevalent system of solid waste management in the study area is sanitary land fill 
sites. These land fill sites have completed their operational period, but they are still in 
use by readjustment of garbage that is ultimately overflowing, increasing the 
environmental hazard. Hence, the first and second hypotheses, that associates urban 
activities with environmental degradation appear to be true in chapter third, fourth, 
fifth and sixth. 
An analysis of morphological changes reveals that the physical expansion of 
Delhi's urban areas took place mainly due to rapid population growth especially after 
the independence. In the initial stage, the pattern of sprawl has been found to be 
concentric that became lateral afterwards. The sprawl took place in a haphazard 
manner along and across the road. In the wake of this development, land use pattern 
and intensity of land use of both urban areas and rural areas has also been 
experiencing major transformation. Besides, the study area has undergone remarkable 
changes in the architecture, mode of arrangement of roads, streets and flyovers, 
location of residential, commercial, administrative and other fiinctional areas. In the 
wake of changes in physical morphology, the social morphology of the area has also 
been changing especially in terms of type of dwelling, family structure and social 
values etc. Thus the hypothesis third which states about the positive relationship 
between population growth and increase in the size of urban area, is accepted in this 
chapter. Hypothesis fourth that correlates land distiibution and intensity of its use 
with the rate of urban development is also followed in this chapter. 
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In the analysis of the impact of urban development at household scale it has 
been found that the condition of housing especially the size of the dwelling and the 
quality of indoor environment are dependent on the overall density of the concerned 
area to a considerable extent. One or two room houses are very common in very high 
and high density areas whereas comparatively spacious houses are found in medium 
and low density areas. The conditions of houses in high and very high density areas 
are found to be far from being satisfactory. They are constructed in close proximity to 
each other, allowing poor ventilation, kitchen and sanitary system. Poor quality of 
indoor environment has been observed to be very common in high density and very 
high areas as compared to medium and low density areas. As far as the impact of poor 
housing and indoor environmental pollution on human health is concerned, diseases 
associated with poor housing condition, air pollution, water pollution and noise 
pollution are mainly observed in high and very high density areas whereas the 
diseases associated with solid waste pollution, poor drainage system and water 
pollution are observed in low density areas. Diseases associated with poor housing 
and indoor environmental conditions are also found in medium density areas but the 
situation is comparatively better. Thus, the hypothesis fifth which states that the 
quality of housing and indoor environment depend on the population density, is 
accepted in this chapter. The hypothesis sixth that correlate habitat quality and health 
condition also appear to be true in this chapter. 
In the foregoing discussion, it has been realized that the complexity of urban 
development is so dramatic that it demands immediate attention and perspective 
physical planning. In order to improve environmental quality, the following measures 
need to be taken for different types of pollution: 
Air PoUution: In the case of air pollution different controlling measures have been 
\mdertaken but a lot still need to be done. Since it is a well known fact that the 
vehicles are the major source of air pollution, the first approach to control pollutants 
emission will be through source reduction. Some actions that can be taken in this 
regard are listed as follows: 
1. In order to control vehicular emissions, the certification programme 
incorporating testing of new automobiles imder controlled conditions at the 
manufacturer's facilities must be implemented. Automobiles in each engine 
class must be tested and should be sold if they are able to demonstrate 
compliance with the certification criteria. 
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2. The Inspection and Maintenance (I & M) system is crucial for regulating 
pollution from in-use vehicles. The bulk of the in-use vehicles in Delhi need to 
be properly regulated. An I & M system including testing of various elements 
of safety like road worthiness, compliance with pollution norms, inspection, 
maintenance and certification of commercial and non-commercial vehicles 
must be implemented that would help to reduce 30-40 per cent pollution load 
generated by them. 
3. Diesel driven vehicles are the prominent source of particulate matter, therefore 
it is recommended to utilize particulate filter in the exhaust system of diesel 
vehicles to effectively control the particulate gaseous emissions and other 
organic and inorganic compounds. The filter will be a cost effective solution 
to pollution hazard fi-om diesel driven vehicles and engines. 
4. The state- of-the-art testing facilities and deterrent legal action are proposed to 
be undertaken widely to curb fuel adulteration. 
5. To reduce the dependency on private motorized transport. Mass Rapid 
Transport System (MRTS) require to be augmented. 
6. For relieving congestion, fast motorways are recommended to enable transit 
traflBc to pass unhindered. Traffic management system needs to be upgraded 
and the network of synchronized road signals requires to be expanded. There 
is an urgent need for construction of Express Highways joining major urban 
areas. 
7. It is important to facilitate bicycle movement with a view to manage traffic 
and relieve congestion. The development of dedicated lanes and related 
infrastructure for cycles as part of the transport network in Delhi is immensely 
required, as it will contribute to bridUng the growth of motorized traffic and 
will also make the cycUst less accident prone. 
8. The open incineration/combustion of dry leaves, old tyres, rags, plastics, paper 
waste and garbage are significant air pollution generating factors that need to 
be prohibited. The horticulture waste, dry leaves have to be increasing by 
utilized for compost manner. 
9. Awareness must be created to use clean fuel or LPG for cooking and other 
domestic consumption instead of wood, steam coal, cow dimg and other 
highly polluting combustible material. High efficiency kerosene stoves and 
improved stoves are encouraged to be used by public to minimize air 
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pollution. Increased use of non conventional energy sources viz. solar energy, 
wind energy etc should be encouraged. 
10. A narrow street lined with tall buildings causes a build up of high levels of 
pollutants; therefore, wide streets with lower buildings should be encouraged. 
11. To control industrial pollution, cleaner technologies of production and 
increased production efficiency must be promoted while at the same time 
elimination or at least minimized emission of waste and waste at the source 
rather than to treat them at the end should be encouraged. 
12. The promotion of environmentally benign substitutes, technologies and 
conservation of energy are required to be thrusted further by adopting 
appropriate fiscal incentives coupled with shift on prevention of pollution. 
The economic incentives will motivate entrepreneurs to take up steps to curb 
pollution. 
In addition, the appropriate control technologies such as absorption 
processes, incineration, condensation to remove VOCs, use of baghouses, 
cyclone separators, electrostatic precipitators (ESPs) and scrubbers etc may be 
used to remove particulate matter, nitrogen oxides and sulphur oxides fi"om the 
polluted air. 
Water PoUution: Control of water pollution requires several remedial measures 
involving individuals, community and government. The various pollution abatement 
measures which can improve the water quality more effectively and successfully are 
detailed below: 
1. The strength of waste water collection system, its transportation and treatment 
capacity considering the quantum of waste water generated in the future 
should be planned carefully. Schemes should be implemented in phased 
manner to reduce the gap between wastewater generation and its treatment. 
2. Possibilities of decentralization of sewage treatment facilities should be 
explored by providing treatment facilities at residential colony levels. This 
will not only reduce the waste water transportation cost but also provide 
treated water for gardening and will reduce the abstraction of groundwater. 
3. Clearance to new residential colonies should be given only after ensuring the 
treatment facilities for the waste water generated by them. 
4. Mixing of industrial effluents with domestic wastewater should be avoided for 
the effective functioning of sewage treatment plants and they should be 
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operated to their full capacity and optimum efficiency. 
5. Toilet facilities connected with sewer lines should be provided in slums and 
Jhuggi & Jhonpri colonies. 
6. Sewage contains numerous pathogens, which continue to exist in sewage even 
after conventional treatment. Therefore, the sewage treatment plant should be 
equipped with disinfection system. 
7. The industries should maintain & operate their Effluent Treatment Plants 
adequately to meet the specific waste water discharge norms. All the small 
scale industries should be connected with the Combined Effluent Treatment 
Plants (CETP). 
8. Disposal of garbage, solid, semi-solid waste into river and drains should be 
restricted. 
9. Efforts should be made to reuse sewage water after treatment. With tertiary 
treatment, water fi-om treated sewage can be used even for air conditioning, 
industrial cooling and other non-potable uses. 
Moreover, there are various ways and techniques suggested for prevention and 
control of water pollution such as stabilization of ecosystem, reutilization and 
recycling of waste and removal of pollutants through various physico-chemical 
techniques. 
Noise PoUution: Noise is easiest to control when the sense of understanding of the 
effects of noise is percepted. The measures may include damping, absorption, 
dissipation and deflection methods. Common techniques involve constructing sound 
enclosures, applying mufflers, mounting noise sources on isolators and /or using 
materials with damping properties etc. The solution to noise pollution may include 
one or a combination of the following measures: 
1. Source control: it includes source modification such as acoustic treatment to 
machine surfaces, design changes, limiting the operational timings and so on. 
2. Transmission path intervention: it includes containing the source inside a 
sound insulating enclosure, construction of a noise barrier or provision of 
sound absorbing materials along the path. 
3. Receptor control: This includes protection of the receiver by altering the work 
schedule or provision of personal protection devices such as ear plugs while 
operating noisy machinery. 
In addition, there are very few common measures to control noise pollution. 
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4. Movement of vehicles and high traffic density to the inner arterial road should 
be restricted in the residential areas. 
5. Use of pressure horn in vehicles should be strictly banned in inhabited areas 
especially in the night time. 
6. Residential colonies should be constructed with such an architectural design so 
as to reduce the level of noise reverberation. 
7. Vegetation buffer zone and road side plantation should be developed in 
different parts of the city. 
8. Unorganized, highly congested commercial activities should not be 
encouraged very near to the residential colonies. 
9. Generator should be avoided as far as possible, if used, it should be fitted with 
acoustic hoods, walls around the building and silencing devices such as 
mufflers. 
10. The noise from the industrial machines should be restricted by providing 
proper vibration isolators, damping material, designing, maintenance and 
silencing devices. 
11. Special training should be given to the industrial personnels for reducing the 
noise level while operating process and handling the machine and materials. 
12. The noise generating sources like public address system, use of music systems 
and loudspeakers on an occasion of public functions, religious festivals and 
marriage should not be allowed in the night hours and it should be kept 
preferably within the prescribed ambient noise level standard limits. 
Solid Waste Pollution: The present problem of solid waste pollution could be 
improved by adopting the following measures: 
1. House to house collection system should be encouraged as far as possible by 
using containerized handcart. The bell ringing system which is being 
successfully used in a few cities needs to be widely adopted. The corporations 
can also take the help of NGOs and societies formed by the residents. 
Awareness programme should be conducted for successful implementation of 
the scheme. 
2. Many open collection spots must be removed and collection bins should be 
provided at an appropriate interval (100-300 meters) and locations as per 
municipal solid waste handling rules, 2000. 
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3. Closed container or dumper placer bins should be installed at various 
locations. Separate colour code as per MSW (Management & Handling) 
Rules, 2000, can be used for biodegradable and non-biodegradable wastes. 
4. Source specific collection systems should be adopted. Separate collection 
system should be carried out for slaughter houses, horticulture, demolition, 
markets and commercial wastes at identified fi-equencies. 
5. It is desirable to segregate the dry and wet wastes at the source. This will help 
in reducing the load on the landfill. 
6. Due to shortage of vehicles, private agencies can be employed for 
transportation of waste to the disposal site. However, strict monitoring of 
transportation activities is required. 
7. Proper covers of prescribed quality and thickness should be provided over the 
waste and compaction should be carried out in accordance with rules. 
8. Landfill sites should be selected considering geological and hydrological 
factors of the site and it should be located away fi-om the human habitation 
cluster and water bodies. 
9. Green belt should be developed around the landfill sites to avoid soil erosion. 
10. New landfill sites should be developed as sanitary landfills with facilities such 
as liner at the bottom, fencing, lighting, weighbridge, leachate collection and 
gas venting system. 
11. The industries should have their own separate waste disposal facility. In case 
municipal vehicles are used, it should be on charge recovery basis. Restriction 
for disposing off the waste in community bins should be imposed. 
12. Biomedical wastes should not be allowed to mix with the municipal solid 
waste. 
13. Training programmes for the workers should be conducted at fi-equent 
intervals for effective handling of various activities of solid waste 
management. 
14. Participation of NGOs, local citizens and private organizations should be 
encouraged to achieve an effective operational efficiency of solid waste 
management system. 
15. Spot fining system should be introduced to discourage littering habits. 
Besides, in recent years new and better solid waste management methods have 
been suggested or developed i.e. utilization of waste, recovery of valuable materials 
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from the waste, reuse of discarded materials and recycling of waste in a scientific 
manner so that it neither stinks nor attracts birds and can be used for land filling 
which is more hygienic as compared to sanitary landfill. Some innovative methods of 
dealing with solid waste can also be found in modem technology. Vermiculture is one 
option, i.e., using earthworms to decompose and stabilize organic waste. Pelletisation 
is another alternative. Here organic material is crushed into tight pellets for use as 
fuels in boilers. 
No environmental programme can succeed without mass awareness and right 
perception about various aspects of environmental pollution at community level. By 
launching various action programme and a number of public awareness activities 
through massages, articles newsletters, pamphlets, magazines, television, radio, 
internet and through workshops, summer courses, exhibitions, display and pollution 
control camps etc., we can go a long way in the protection of the environment. It is 
important that the individuals must be educated enough to xmderstand the nature of 
pollution and its adverse effects on human health and wealth. 
In order to control the haphazard expansion of urban area on the cost of fertile 
agricultural land and rapidly changing land use pattern, some suggestions have been 
given below: 
1. Urban development of Delhi should be made a part of regional planning based 
on resource requirement, economic viability, optimum productivity, cultural 
growth and sustainable development of environment. Various regional plans 
should be framed for different parts of the surrovmding states. Within each 
region, through industrial and zoning policies, attempt should be made for the 
total development of an area rather than a partial development that would help 
to reduce population pressure in Delhi. 
2. The approach of planning for urban development of Delhi has to be embodied 
keeping the integrated process of rural urban continuum of developments in 
terms of spatial and economic integration. The urban area need not to grow in 
isolation of rural settlements. A basic change in the agrarian structure such as 
equitable land ownership policy should be brought as it would help to reduce 
and eliminate landless peasants and farm labourers. 
3. If the gap between the urban areas and rural areas is substantially bridged and 
a qualitative change in rural life especially a gainful employment opportunities 
is created it would help in thwarting local migrants to Delhi. 
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4. The growth of Delhi should be based on realistic population projections in 
relation to its potential and necessary infrastructure should be planned. Efforts 
should be made to evolve an urban structure that will reduce commuting time 
despite increasing commuting distances. A mass transportation system based 
on light-rail design should be pursued vigorously. 
5. The ring towns should be developed as self contained units in the matter of 
work place and residence to reduce constant inflow of people from outside. 
Further, to encourage development away from Delhi, the economic and 
physical advantages enjoyed by Delhi viz-a-viz other urban centers in the 
surrounding states, should be reduced and if possible even reversed. The 
existing rates of taxes, incentives and subsidies should be revised so as to 
make them more favourable for growth of toAvns in the National Capital 
Region and even beyond its periphery. The quality of infrastructure, at least in 
respect of communications, education and housing should be upgraded in the 
entire region, (more so in urban centers within the zones of Delhi) to 
encourage people to reside there rather than commute to and from Delhi. 
6. It seems necessary not only to decentralize the population and economic 
activities but there is also a need for reformulating a sfrategy that would help 
to reduce (or at least restrain) migration. Sfress should be given to the policies 
which will result in the creation of job opportunities in areas and zones from 
where the migrants originate. 
7. It must be tried to bring about the balanced distribution of rural-urban 
population based on economic efficiency and demographic equilibrium. That 
is to say, the population has to be so distributed between urban and rural areas 
that it meets the need for developing the optimum efficiency in the economy. 
8. The urban development needs to be regulated so that a desirable balance in the 
distribution of urban population can be achieved. Only that amount of 
population growth should be allowed which is required for the maintenance of 
their ftmctions. Such growth rates can be achieved only through the 
mechanism of channeling economic activities towards the ring towns. 
9. The planning and development of ring towns should be given very high 
priority so that desirable urbanization, economic growth and social 
transformation can be achieved. These towns have very great significance, 
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because these places, if developed properly, can stimulate the economic 
prosperity in their rural surrounding areas. Agro-based industries such as 
processing of agricultural produces, manufacturing of farm implements, 
supply of agricultural and small industrial inputs, provision of education and 
health services for the surrounding areas will help in reducing pressure from 
Delhi. 
10. To control the adverse impact of urban development on social structure, social 
values need to be strengthened. 
In order to provide a healthy residential envirormient and minimize the 
adverse impact of poor housing and indoor environmental conditions on the 
inhabitants, the following measures can be helpful. 
1. Minor alterations, modifications and elimination of over-crowded living 
conditions should be made. The solution lies in new housing scheme for 
rehabilitation and the old structure should be cleared and should be developed 
as per master plan for specific uses. Other areas where conditions are not so 
hopelessly bad should be taken care of under sites and services as well as 
environmental improvement scheme without much dislocation. 
2. There is an urgent need for implementing comprehensive sites and services 
programmes both for rehabilitation and for new migrants. 
3. There is an urgent need for an integrated development strategy for housing of 
low-income groups and urban poor who come mostly from rural areas and 
small towns. 
4. There should be proper implementation of the pohcy related to housing and 
land use pattern to reduce implanned development of residential areas. 
5. Well-constructed and affordable housing developments schemes should be 
adopted as it can reduce health problems associated with poor housing quality 
and indoor environmental pollution by limiting exposure to pollutants, 
allergens, neurotoxins and other dangers. 
6. Proper infrastructural facilities must be provided and there should be provision 
for recreational facilities for improving the habitat quality. 
7. By providing families with access to recreation, certain health problems such 
as stress and infectious disease can reduce, leading to improvements in 
physical and mental health. 
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APPENDIX-I 
GENERAL OBSERVATION 
1. 
2. 
3. 
5. 
Name of Zone: 
Ward No. / Name: 
Name of Mohalla: 4. Date: 
Type of income group in the ward: 
(i) Low (ii) Medium (iii) High (iv) Very High 
Type of settlement in the ward: 
(i) 
(iii) 
(V) 
(vii) 
(ix) 
JJ resettlement colonies 
Refiigees resettlement colonies 
(ii) 
(iv) 
Unauthorized regularized colonies (vi) 
Urban villages 
Notified slum area/ walled city 
(viii) 
(X) 
Slum resettlement colonies 
Approved/ planned colonies 
Unauthorized colonies 
JJ cluster 
Rural villages 
7. 
8. 
9. 
10. 
Type of housing: 
Availability of open space: 
If yes, type of open space: 
(i) 
(i) 
New 
Yes 
(ii) 
(ii) 
Old 
No 
(iii) Mixed 
(i) Park (ii) Vacant land 
(iii) Agricultural field (iv) Agricultural waste land 
Ward dominated by: (i) Muslim (ii) Hindu (iii) Sikh (iv) Christian 
(v) Jain (vi) Buddhist (vii) Mixed 
GENERAL ENVIRONMENTAL CONDITIONS 
11. Cleanliness: 
12. Overcrowding: 
(i) 
(iii) 
Good 
Poor 
(ii) 
(iv) 
Moderate 
Very Poor 
(ii) Moderately 
13. 
14. 
15. 
16. 
17. 
18. 
(i) Extremely 
(iii) Reasonably 
(i) Satisfactory 
(i) Stagnant 
(iii) Spill over 
(i) Yes 
(i) Rain water 
(iii) Both 
Solid waste in the ward: (i) Spread everywhere in large quantity 
(ii) Spread everywhere in small quantity (iii) Neghgible (iv) Not seen 
Most common municipal receptacles in the ward: 
(i) Dustbin (ii) Open site (iii) Daloes 
Drainage system: 
Nature of drains: 
Water logging: 
If yes type: 
(ii) 
(ii) 
(ii) 
(ii) 
Unsatisfactory 
Flowing 
No 
Waste water 
386 
GENERAL CHARACTERISTICS OF RESPONDENTS 
1. 
2. 
3. 
4. 
Sex: 
Age: 
Religion: 
(i) 
(i) 
(iii) 
(i) 
(iii) 
(V) 
Educational status: 
(i) Educated: 
Male 
15-25 
36-45 
Hindu 
Sikh 
Jain 
(a) 
(d) 
(f) 
(ii) 
(ii) 
(iv) 
(ii) 
(iv) 
(vi) 
Under Xth 
Graduate 
Professional 
Female 
26-35 
>45 
Muslim 
Christian 
Buddhist 
(b) Xth (c) Xllth 
(e) Post-Graduate 
(g) Uneducated 
5. Occupation: 
6. 
7. 
8. 
B. 
10. 
11. 
12. 
13. 
14. 
(i) Housewife (ii) Business (iii) Service-public/private 
(iv) Labourer (v) Mechanic (vi) Student (vii) Others 
Total Monthly income of the family: 
(i)<l0,000 (ii) 10,000-20,000 (iii) 20,000-30,000 (iv)>30,000 
Migratory status: (i) Migrated (ii) Non-Migrated 
If migratory, name of the state: (i) U.P. (ii) Haryana (iii) Punjab 
(iv) Rajasthan (v) Bihar (vi) Others 
Reason for migration: (i) Employment (ii) Education 
(iii) Better Amenities & Facilities (iv) Others 
HOUSING CONDITION 
Status of the house: (i) Own house (ii) Rented house (iii) Govt, house 
Type of the house: (i) Single storeyed (ii) Multi storeyed (iii) Flat in an apartment 
Qualitative aspects of the house: (i) Cemented (ii) Kuchcha house 
(iii) Semi Kuchha 
Floor area of the house in sq. feets. 
(i)<100 (ii) 101-200 (iii) 201-300 (iv)>300 
Total no. of room in the house: (i) 1 (ii)2 (iii) 3 (iv)>3 
15. Total no. of persons living in the house: (i) < 4 (ii) 4-6 (iii) 7-9 (iv) > 10 
16. Use of the house: (i) Residential (ii) Residential & Commercial 
(iii) Residential & Industrial (iv) Mixed 
17. Nature ofopen space in the house: (i) Lawn (ii) Kitchen garden 
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18. 
19. 
20. 
C. 
21. 
(iii) Balcony 
Bathroom and toilet facility in the house: (i) 
(iv) No open area 
Yes (ii) No 
Ifno type of facility: (i) Public (ii) Roadside (iii) Open field (iv) Other 
(iii) 4 No. of families sharing one toilet: (i) 2 
(iv)5 
FAMILY POSSESSIONS 
Ownership of appliances: (i) T.V. (ii) 
(iv) Generator (v) Washing machine 
(vii) None 
(ii)3 
(v)>10 
Refrigerator (iii) VCRA^CP 
(vi) DVD/CDA^CD/MP3 player 
22. Ownership of vehicle: (i) Bicycle (ii) Bike/scooter (iii) Four wheeler 
(iv)BothII&m (v)None 
D. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
E. 
30. 
31. 
WATER STATUS 
Source of water supply: 
(a) For domestic purpose 
(i) Piped water connection (ii) 
(iii) Own tube well (iv) 
(v) Roadside pied water connection (vi) 
(vii) Private service (viii) 
Own hand pump 
Roadside hand pump 
From Neighbourhood 
Otiiers 
For drinking purpose. 
Quantity of water: (i)Good (ii) Average (iii) Poor 
Uses of water: (i) Domestic (ii) Industrial (iii) Commercial 
(iv) Agricultural (v) Mixed 
Disposal of wastewater: (i)IntoNah (ii) Into drain (iii) Around the house 
Nature if drain (i) Stagnant (ii) flowing (iii) Spill over 
Drainage around the house: (i) Exist: open/closed (ii) does not exit 
Water logging around the house: 
(i) Yes: (a) Rain water (b) Wastewater (c) Both (ii) No 
SOLID WASTE MANAGEMENT 
Mode of disposal of household waste: 
(i) On the road (ii) 
(iii) Municipal receptacles: dustbin/open site/dalaos (iv) 
(v) Others 
Neighbouring plot 
Bum 
Nature & quantity (Kg/day) of waste: (i) 
(iii) Commercial (iv) Mixed 
Household (ii) Industrial 
32. Waste collection by mimicipality: (i) Daily (ii) Weekly (iii) Bi-weekly 
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(iv) every 15* day (v) Monthly (vi) Irregular (vii) Nil 
33. No. of receptacles & Municipal services: (i) Satisfactory (ii) Not satisfactory 
F. AIR POLLUTION 
34. Air pollution in the house: (i) Yes (ii) No 
35. Source of pollution: (i) Cooking fiiel: Kerosene/cow dung cake/ wood/coal charcoal 
(ii) Automobile (iii) Industry (iv) Mixed 
36. Intensity of pollution: (i)V. High (ii)High (iii) Medium 
(iv) Low (v) Negligible 
G. NOISE POLLUTION 
37. Noise pollution in the house (i) Yes (ii) No 
38. Source of noise pollution (i) Household apphances (ii) Automobile 
(iii) Industry (iv) Festival 
39. Intensity of pollution (i)V. High (ii)High (iii) Medium 
(iv) Low (v) Negligible 
H. HEALTH CONDITION 
40. Name of most frequent reported disease of the family: 
(i) Typhoid (ii) Malaria (iii) Cough/cold (iv) Diarrhoea/dysentery 
(v) Penumonia (vi) Gasteroentritis (vii) Skin disease (viii) Jaundice small pox/ 
chicken pox (ix) Crdio-vascular Diseases (x) Respiratory Diseases (xi) Other 
41. Name of the important environmental problems that should be improved: 
(i) Housing condition (ii) Drainage system (iii) Noise pollution 
(iv) Water logging (v) Air pollution (vi) Solid waste management 
(vii) Water pollution (viii) Other 
389 
<Bi(BLiog^(P3{nr 
BOOKS 
Afif, S. S., Tarikhe Firoz Shahi, Hyderabad, 1938. 
Agarwal, S. K., Air Pollution, APH, Publishing, Corporation, New Delhi, 2005. 
Agarwal, S. K., Noise Pollution, APH, Publishing Corporation, New Delhi, 2005. 
Ahmad, B., Waqiat-e-Darul-Hukumat-e-Delhi (Accounts of the Capital of Delhi), 
Agra, 1919. 
Ahmad, E., Geographical Essay on India, Patna, 1954. 
Ahmad, Q. Indian Cities: Characteristics and Correlates, University of Chicago, 
Chicago, 1965. 
Allaby, M., Basics of Environmental Science, Ilnd Edition, Routledge Publication, 
2000. 
Alam, S. M., Hydrabad-Secundrabad (Twin cities)-A Study in Urban Geography, 
AUied.PubUcation, Bombay, 1965. 
Alam, S. M. and Pokshishevsky, V. V., Urbanization in Developing Countries, 
Osmania University, Hyderabad, 1976. 
Allen, N. G. and Ashok, D. A., Indian Urbanization and Planning, Tata McGraw Hill 
Publishing Company, New Delhi. 
Angotti,T., Metropolis 2000, Routledge, London, 1993. 
Aziz, A., Changing Face of Delhi-A Geographical Perspective, Indisco, 1983. 
Bach, W., Atmospheric Pollution, McGraw Hill, New York, 1972. 
Baldassare, M., Residential Crowding in Urban America, University of California 
Press, Berkeley, CA, 1978. 
Banerjee, A., Environment, Population and Human Settlement of Sunderban Delta, 
Concept Publishing Company, New Delhi, 1998. 
Banerjee, T. and Baer, W. C, Beyond the Neighborhood Unit: Residential 
Environments and Public Policy, New York: Plenum Press, 1984. 
Bansal, P. C, Water Management of India, Concept Publishing Company, New Delhi, 
2004. 
Bawa, V. K., Indian Metropolis: Urbanization, Planning and Management, Inter 
India Publication, New Delhi, 1987. 
Becker, C. M., Williamson, J. G. and Mills, E. S., Indian Urbanization and Economic 
Growth since 1960. Baltimore: John Hopkins University Press, 1992. 
390 
Bhargava, G., (Ed.) Urban Problems and Policy Perspectives, Abhinav Publication, 
New Delhi, 1981. 
Bijlani, H. U., Urban Problems, Navchetan Press, New Delhi, 1977. 
Blanchard, R., Grenoble: Etude de Geographic Urbanine, Paris, 1911. 
Brees, G., Urbanization in Newly Developing Countries, Prentice Hall of India, New 
Delhi, 1969. 
Bose, A., Pace of Urbanization in India, Indian Economic Association, Bombay, 
1958. 
Bose, A., Studies in Indian's Urbanization, I901-197I, Tata McGraw Hill Publishing 
Co. Ltd., Bombay, New Delhi. 
Bose, A., India's Social Crisis: An Essay on Capitalism, Socialism, Individualism and 
Indian Civilizatio, Oxford University Press, Delhi, 1989. 
Bourne, L. S., Urban System: Strategies for Regulation, Oxford, London, 1975. 
Bouble, Richard W. E., Fundamentals of Air Pollution, Academic Press, New York, 
1994. 
Carter, H., The Study of Urban Geography, Edward Arnold, London, 1981. 
Champion, T., Hugo, G. (Ed.), New Forms of Urbanization: Beyond the Urban -Rural 
Dichotomy, Aldershot, Ashgate, 2003. 
Chatwal, C. R., Pandey, D. K. and Nanda, K. K., Encyclopaedic Dictionary of 
Environment, Aimiol Publication, New Delhi, 1989. 
Chaturvedi, P., Energy Environment and Sustainable Development, Concept 
Publishing Company, New Delhi, 2003. 
Chapin, F. S. (Jr.), Urban Land Use Planning, Harper and Brothers Publ. New 
York, 1957. 
Dasgupta, P., Environment and Development Economics, Cambridge University 
Press, 2004. 
De Souza, A., (Ed.): The Indian City: Poverty Ecology and Urban development, 
Manohar Publication. New Delhi, 1978. 
Detwyler, T. R. and Marcus, M. G. (Ed.) Urbanization and Environment, Wordsworth 
PubHshing Company, Inc., USA., 1972. 
Dhamija, U., Sustainable Solid Water Management, Academic Foundation, New 
Delhi, 2006. 
Dickinson, R. E., The West European City: A Geographical Interpretation, London, 
1961. 
391 
Dwyer, D. U., People and Housing in the Third World Cities: Perspectives On the 
Problems of Spontaneous Settlements, Longman, London, 1975. 
Edington, J. M., Ecology and Environmental Planning, Chapman and Hall Limited, 
London, 1977. 
Elliot and Dowson, J. (Ed.), The History of India, Allahabad, 1965. 
Fanshawe, H. C , Shahjahan 's Delhi: Past and Present, Delhi, 1979. 
Firey, W., Land Use in Central Boston, Harvard University Press, 1947. 
Forrest, G. W., Cities of India, New Delhi, 1977. 
Franklin, W., History of the Reign of Shah Alam, London, 1798. 
Ghosh M. Dutta, A. K. and Roy, B. Calcutta: A study in Urban Growth Dynamics, 
Firma K. L. Mukhopadhayay, Calcutta, 1972. 
Goudic, A., The Nature of the Environment, Basil Blackwell ltd., U.K., 1984. 
Gupta, K. R., Encyclopedia of Environment, Vol. 1, Atlanta Publication, New Delhi, 
2005. 
Gugler, J. (Ed.), The Urbanization of the Third World, Oxford University Press, New 
York, 1988. 
Hassert, K., Die Stadte Geographisch Betrachect, Leipzig, 1907. 
Heam, G.R., The Seven Cities of Delhi, London, 1906. 
Herbert, J. D., Urban Development in the Third World, Praeger Publishers, New 
York, 1979. 
Hoselitz, B. F., Sociological Aspects of Economic Growth, Amerind, New Delhi, 1960. 
Hurliman, M., Delhi, Agra andFatehpur Sikri, London, 1965. 
Hussain, M. and Zaidi, S. H. (Ed.), Environmental Management in India, Manak 
Publication., New Delhi, 1996. 
Jakobsen, L. and Prakash, V. (Ed.), Urbanization and National Development, Beverly 
Hills, Sage Publications, 1971. 
Jain, A. K., The making of a metropolis. Planning and growth of Delhi, Delhi, 
National Book Organisation, 1990. 
Jain, M. K., Ghosh, M. and Won Bae Kun., Emerging Trends of Urbanization in 
India, New Delhi, Government of India, 1993. 
Hickey, J. E. and Longmire, L. A. (Ed.) The Environment-Global Problems, Local 
Solutions, Greenwood Publication., USA, 1994. 
Jean, G. and Harper, R. A., Metropolis on the Move, John Wiley & Sons, Inc., New 
York, London, Sydney, 1967. 
392 
Jones, E., Town and Cities, Oxford University Press, London, 1967. 
Joseph, K. and Nagendran, R., Essential of environmental studies, Pearson Education, 
New Delhi, 2004. 
Kamble, N. D., Migrants in Indian Metropolis, Uppal Publishing House, New Delhi, 
1982. 
Katyal, T. and Sataka, M., Environmental pollution, Anmol Publication, New Delhi, 
1989. 
Khan, Syed Ahmad, Asarus-Sanadid, Delhi, 1847. 
Knox, P. L. Urbanization: An Introduction to Urban Geography, New Jersey: 
Prentice Hall, 1994. 
Knox, P. L. Urban Social Geography: An Introduction, England: Longman, 1995. 
Kopardekara, H. D., Social Aspects of Urban development: A Case Study of the 
Pattern of Urban Development in Developing Countries, Bombay, Popular Prakashan, 
1986. 
Kumar, B. and Singh, R. B. Urban development & Changing Anthropogenic Climate 
Change, Manak Publication, New Delhi, 2003. 
Kumar, A. and Tripathi, G. (Ed.), Water Pollution -Assessment and Management, 
Daya Publishing House, New Delhi, 2004. 
Lohani, B. N., Environmental Quality Management, South Asian Publishers, Pvt. 
Ltd., New Delhi, 1984. 
Lowder, S., Inside Third World Cities, London, Croom Helm, 1986. 
Mahadev, P. D., Urban Geography, Heritage Publishers, New Delhi, 1986. 
Manaria, R., Environmental Conservation and Planning, Asish Publishing House, 
New Delhi, 1989. 
Manoharachary, C. and Reddy, P.J., Principles of Environmental Studies, B.S. 
Publications, Hyderabad, 2004. 
Maurya, S. D. (Ed.) Urbanization and Environment Problem, Chugh Publication, 
Allahabad, 1989. 
Manivasakam, N., Environmental Pollution, National Book Trust, Delhi 1984. 
Mayer, H. M. and Kohn, C. F., Reading in Urban Geography, Central Book Depot, 
Allahabad, 1967, p. 4029-4037. 
McGee, T. G., The Urbanization Process in the Third World, London: G. Bell and 
Sons Ltd., 1971. 
Mills, E. S. and Becker, C. M., Studies in Indian Urban Development, Oxford 
University Press, New York, 1986. 
393 
Misra, R. P. (Ed.) Million Cities of India, Vikas Publishing House, New Delhi,1978. 
Misra, S. G. and Mani, D., Pollution through Solid Waste, Ashish Publishing House, 
New Delhi, 1993. 
Mitra, A., Delhi Capital City, New Delhi, 1970. 
Mohan, I., Environmental Awarness and Urban Development, Ashish Publishing 
House, New Delhi, 1988. 
Mohanty, B., (Ed.) Urbanization in dveloping countries-Basic service and community 
participation, ISC & Concept Publishing Company, New Delhi, 1993. 
Murphy, R. E., The American City: An Urban Geography, New York, 1966. 
Nag, P., Kumra, V.K. and Singh, J., Geography and Environment, Vol. Three, 
Concept Publishing Company, New Delhi, 1997. 
Nagi, G. K., Noise Pollution (Ed.), Commonwealth Publishers, New Delhi, 1990. 
Park, K., Preventive and Social Medicine, Eighteenth Edition, Banarsidas Bhanot 
Publisher, Jabalpur, 2005. 
Parkins, H. C , Air Pollution, McGraw Hill Book Co., New York, 1974. 
Pawar, S. N., Patil, R. B. and Salunkhe, S. A., Environmental Movement in India, 
Rawat Publication, New Delhi, 2005. 
Peach, C. (Ed.), Urban Social Segregation. London: Longman, 1975. 
Peck, L., Delhi-A Thousand Years of Building, Thomson Press, New Delhi, 2005. 
Pile, S., Brook, C. and Mooney, G., Unruly Cities? order/ disorder, Routledge, 
London, 1999. 
Pugh, C. (Ed.), Sustainable Cities in Developing Countries, Earthscan Publication 
Ltd., London, 2005. 
Ranjan, R., Problems of Growing Indian Cities, 1997, Rajesh Publication, New Delhi. 
Raychaudhuri, S. P., Soils of India, ICAR, New Delhi, 1963. 
Riessman, L., The Urban Process, New York, 1964. 
Roslanky, J. D., The Control of Environment, North Holland Publishing Company, 
Amsterdam, 1967. 
Rai, R. K., Singh, S., Nayak, D. K. and Mipun, B. S., Environment Resource and 
development (Ed.), The Geographical Society of North-East Hill Region, Shillong, 
2001. 
Ramachandran, R., Urbanization and Urban System in India, Oxford University 
Press, New Delhi, 1989. 
Reddy, K. V., and Rao, R. R. M. (Ed.), Urban Crisis in India, Hydrabad Publishers, 
Hydrabad, 1985. 
394 
Rao, M. N., Air Pollution, Tata McGraw-Hill Publishing Company Ltd., New Delhi, 
1992. 
Rao, P. S. N., Urban Governance and Management, Kanishka Publication., N. Delhi, 
2006, 
Roy, T. (Ed.), India's Urban Future, Oxford University Press, Bombay, 1962. 
Sapru, R. K., Environmental Management in India (Ed.), Vol.11, Ashish Publishing 
House, New Delhi, 1987. 
Saran, P., Dilli ki Kahani (Hindi), Delhi, 1958. 
Saxena, H. M., Environmental Geography, 2nd edition, Rawat Publication, Jaipur, 
2004. 
Servothaman, H., Water Resource Augmentation, Management and Policies, 
Asiatech Publication, New Delhi, 2004. 
Scargill, D. I., The Form of Cities, New York: St. Martin's Press, 1979. 
Sharma, Y. D., Delhi and its Neighbourhood, New Delhi, 1964. 
Sharp, H., Delhi-its Story and Buildings, London, 1928. 
Sharma, H. S. and Sharma, M. L., Environmental Design and Development- Conflict 
or Harmony, Scientific Publisher, Jaipur, 1987. 
Siddiqi, I. H. and Ahmad, Q. M. (Ed.) A Fourteen Century Arab Account of India, 
Aligarh (n. m.). 
Singh, R. L., Banaras- A Study in Urban Geography, Nand Kishore and Sons, 
Varanasi, 1955. 
Singh, T. N., Urban Development and Planning, Rajesh Publication, New Delhi, 
1998. 
Singh, \J., Allahabad-A Study in Urban Geography, B. H. U., Varanasi, 1966. 
Smailes, A. E., Geographische Zeitschrift, Paris, 1969. 
Singh, R. B., Studies in Environment and Development, Commonwealth Publishers, 
New Delhi, 1988. 
Singh, O. (Ed.), Frontier in Environmental Geography, Concept Publishing 
Company, New Delhi, 1983. 
Singh, P., Environmental Pollution and Management, Chaugh Publication, Allahabad, 
1985. 
Singh, S., Environmental Geography, Paryag Pustak Bhavan, Allahabad, 2006. 
Singh, T. N., Urban Development and Planning, Rajesh Publ., New Delhi, 1998. 
Smailes, A. E., The Geography of Towns, Hutchinson, London, 1953. 
395 
Smith, J., Dictionary of Geography, Arnold Heinemann, New Delhi, 1984. 
Sokhi, B. S. and Rashid, S. M., (Ed.) Remote Sensing of Urban Environment, Manak 
Publication, New Delhi, 1999. 
Sovani, N. K., Urbanization and Urban India, Asia Publishing House, New York, 
1966. 
Spencer, J., Walton, W. S., Miller, F. J. W. and Court, S. D. M., A Thousand Families 
in Newcastle-upon-Tyne, London, Toronto, New York: Oxford University Press, 
1954. 
Stephen, C , Archeology and Monumental Remains of Delhi, Allahabad, 1967. 
Trivedy, R. K., Ecology and Pollution of Indian Rivers, Ashish Publishing House, 
New Delhi, 1988. 
Taylor, T. G., Urban Geography, E. P. Dutton, New York, 1946. 
Thakur, B. (Ed.), Urban & Regional Development in India, Concept Publishing 
Company, New Delhi, 2005. 
Turk, J. and Turk, A., Environmental Science, 3"* Edition, Sounder College 
Publishers., New York, 1984. 
Vance, J. E., The Continuing City: Urban Morphology in Western Civilization, The 
Johns Hopkins University Press, Baltimore, 1990. 
Verma, S. B. and Singh, S. K. (Ed.), Environment Protection and Development, Deep 
& Deep Publication, New Delhi, 2005. 
Verma, S. S., Urbanization and Regional Development in India, Chaugh Publication, 
Allahabad, 1989. 
Volwasen, A., Imperial Delhi: The British Capital of the Indian Empire, London, 
2002. 
Wilner, D., Walkley, R., Pinkerton, T., and Tayback, M., The Housing Environment 
and Family Life, The John Hopkins Press, Baltimore, 1962. 
Yadav, C. S., Land Use in Big Cities-A study of Delhi, Inter-India Pub., New Delhi, 
1978. 
Yadav, C.S., Contemporary Urban Issues (Ed.), Vol. 8, Concept Publishing 
Company, New Delhi, 1987. 
Yadav, C. S., Comparative Urbanization: City Growth and Change, Vol. 3, Concept 
Publishing Company, New Delhi, 1986. 
Youman, G. P., The Biological and Clinical basis of Infectious Diseases, 2"'' Ed., 
Saunders, 1980. 
396 
JOURNALS 
Ajmal, M., et al., "Pollution in the Ganga River, India", Water Science and 
Technology (16): 1983, p. 347-358. 
Ajmal, M., Nomani, A. A. and Khan, M. A., 1982, "Quality of Ganga River in Uttar 
Pradesh and Bihar", LA. W.P.C. Tech., Annual, IX, 1982, p. 165-166. 
Albert, M. et al., "Urban Landscape Patterns and Global Environmental Change: 
Complex Dynamics and Emergent Properties", IHDP, Newsletter 2, 2006, p. 5. 
Aurousseau, M., "Recent Contribution to Geography: A Review," Geographical 
Review, A.G. Society, New York, Vol. XIV, 1924, p. 444 
Aziz, A., "Physical Setting of Delhi", The Geographer, Vol. 8 & 9, 1956«& 57, p. 38-
44. 
Balanchandaran, S., Meena, B. R. and Khillare, P., Particle Size Distribution and its 
Elemental Composition in the Ambient Air of Delhi, Environment International, 26: 
2000, p. 49-54. 
Bell, R. G., Mathur, K., Narain, U. and Simpson, D., "Clearing the Air: How Delhi Broke 
the Logjam on Air Quality Reforms", Environment 46 (3), 2004. p. 22-39. 
Berry, B. J. et al, "Landuse, Urban form and Environmental Quality", Research Paper 
No. 155, EPA, Chicago, 1974, p. 440. 
Berry, B. J. L. and Spodek, H., "Comparative Ecology of large Indian Cities", 
Economic Geography, 1971, 47 (2), Supplements. 
Bhargava, D. S., "Prevention of Pollution in Yamuna", J. Instn. Engrs., India Pt. Env., 
65(1): 1984, p. 7-10. 
Bhattacharya, S., "Population, Development and Environmnet- Indian Metropolitan 
Scenarion", Geographical Review of India, Vol. 66, No. 4, 2004, p. 371-380. 
Brasche, S. and Bischof, W., "Daily time spent indoors in German homes—^baseline 
data for the assessment of indoor exposure of German occupants", IntJHyg Environ 
Health, 208,205, p. 247-253. 
Breuste, J. "Urban Development and Urban Environment in Germany", The 
Geographer, Vol. 49. No. 2, 2002, p. 1-14. 
Breysse, P., Nick, F., Warren, G., Bruce, L., Rebecca, M. and Linda, B., "The 
Relationship between Housing and Health: Children at Risk", Environmental Health 
Perspectives 112(15): 2004, p. 1583-1588. 
Brickner, Philip W. et al., "Homeless Persons and Health Care", Annals of Internal 
Medicine, 104, 1986, p. 405-409. 
Brockerhoff, M. "Urban Growth in Developing Countries: A review of Projections 
and Predictions", Population and Development Review, Vol. 25. No4, 1999, p. 757-
778. 
397 
Bond, M., "Plagued by Noise", iVew S'c/en^w^ November 16, 1996, p. 14-15. 
Bhoyar, R. V., Titus, S. K., Bhide, A. D. and Khanna, P., "Municipal and Industrial 
Solid Waste Management in India" Journal oflAEM, Vol. 23, 1996, p. 53-64. 
Brush, E. J., Kalinowski, M. M. and Theodore, L., "Heavy metals in a Stretch of 
Sasquenhanna River badly polluted with acid mine effluents", Proc. Pa. Acad. Sci., 
53: 1979, p. 179-188. 
Bull, R. G., Mathur, K., Narain, U. and Simpson, D., Clearing the Air: How Delhi 
Broke the Logjam on Air Quality Reforms, Environment, 46 (3): 2004, p. 22-39. 
Carter, M. C , Perzanowski, M. S., Raymond, A. and Platts-Mills, T.A., "Home 
intervention in the treatment of asthma among inner-city children", J Allergy Clin 
Immunol, 108, 2001, p. 732-737. 
Carty, W., Towards an Urban Worid, Earthwatch (43), 1991, p. 2-4. 
Chaturvedi, Y. N., "Prevention of Pollution of River Yamuna in U.P.", Civic Affairs, 
32(11), 1985, p. 71-75. 
Chelani, A. B. and Devotta, S. "Impact of Change in Fuel Quality on PMIO in Delhi", 
Bulletin of Environmental Contamination and Toxicology 75 (3): 2005, p. 600-607. 
Chon, Hyo-Tack, et-al, "Metal Contamination of Soils and Dust in Seoul 
Metropolitan City, Korea", Environmental Geochemistry & Health", 17 (3), 1995, p. 
139-146. 
Crane, R., "Urbanism in India", The American Journal of Sociology, Vol. 60, No. 5, 
1955, p. 463-470. 
Crowe, P. R., "On Progress in Geography", Scottish Geographical Magazine, 54, 
1938,p.l-19. 
Datta, P. S., Bhattacharya, S. K. and Tyagi, S. K., "Studies on Recharge of Phreatic 
Aquifers and Groundwater Flowpaths of Mixing in Delhi area". Journal of 
Hydrology. 176: 1996, p. 25-36 
Dayal, G., Yadav, A., Singh, R. P. and Upadhyay, R., "Impact of Climatic Conditions 
and Socio-Economic Status on Solid Waste Characteristics: A Case Study", The 
Science of the Total Environment, 136, 1993, p. 143-153. 
Doygun, H., "Urban Development in Adana, Turkey, and its Environmental 
Consequences", I.J.E.S., Vol. 62, No. 4, 2005, p. 391-401. 
Goyal, S. K., Ghatge, S. V., Nema, P. and Tamhane, S. M., "Understanding Urban Vehicular 
Pollution Problem Vis-a-Vis Ambient Air Quality-Case Study of a Megacity (Delhi, India)" 
Environmental Monitoring and Assessment 119(1), 2006, p. 557-569. 
Fazal, S., "Urban Expansion and loss of Agricultural land-a GIS based study of 
Saharanpur city, India", Environment and Urbanization, Vol. 12, No. 2 2000 o 133-
149. • 
398 
Felicia, Wu, David J., Clifford M., David M. and Meryl, H. K. "Improving Indoor 
Environmental Quality for Public Health: Impediments and Policy 
Recommendations" Environ Health Perspect, 115(6), 2007, p. 953-957. 
Fisher, J. L., "Environmental Quality and Urban Living", Planning Report, American 
Society of Plarming Officials, Chicago, Illinois, 1967, p. 178-186. 
Ghosh, S., "The Urban Pattern of Calcutta", Economic Geography, Vol. XXVI, Clark 
University, 1950. 
Gilbertson, W. E., "New Challenges in Environmental Health Control", Transaction 
and Studies of the College of Physicians of Philadelphia, Vol. 31, April, 1964, p. 294-
98. 
Gleick, P., Basic Water Requirements for Human Activities: Meeting Basic Needs, 
International Water, 21 (2), 1996, p. 83-92. 
Gopal, D., Yadav, A., Singh, R. P. and Upadhyay, R., "Impact of Climatic Conditions 
and Socio-Economic Status on Solid Waste Characteristics: A Case Study", The 
Science of the Total Environment, Vol. 136,1993, p. 143-153. 
Ghosh,A. K., "Urban Ecology- A Case Study of Calcutta", 1988, Monograph Series- 2, 
ILGUS, Calcutta, 1988, p. 17-20. 
Gowda, P. B. and Mahadev, P. D., "Impact of Metropolitan Centres of Rural 
Transformation: A Case Study of Villages around Banglore, National Geographer, 
Vol. Xm, No. 2, 1978, p. 105-116. 
Gupta, I., 'Trends in Air Quality of National Capital Territory of Delhi", Indian 
Journal Env. Health, Vol. 45, No. 3, p. 169-182. 
Goyal, S. P., "Effect of Winds on SO2 and SPM Concentrations in Delhi", 
AtmosphericEnvironment, 36 (17), 2002, p. 2925-2930. 
Hasan, G. M. J., and Chowdhury, A. I., "Municipal Waste Management and 
Environmental Hazards in Bangladesh", Asian Journal of Water, Environment and 
Pollution, Vol. 3, No. 1, 2006, p. 39-48. 
Henderson, V. J., "Effects of Air Quality Regulation", American Economic Review 86 
(4), 1996, p. 789-813. 
Hirt, F. J., "A Study of Urban Geography of Aligarh", The Geographer, Vol. 5, 1952, 
p. 24-27 
Hnizdo E, Vallyathan, V., "Chronic Obstructive Pulmonary Disease due to 
Occupational Exposure to Silica Dust: A review of Epidemiological and Pathological 
Evidences" Occup Environ Med 60 (4), 2003, p. 237-43. 
Hogg, J. C , Chu, P., Utokaparch, S. et al, "The Nature of Small-Airway Obstruction 
in Chronic Obstructive Pulmonary Disease". New England Journal of Medicine, 350 
(26), 2004, p. 2645-53. 
HoseUtz, B. p., "The cities of India-Their Problems", Annals of the Association of 
American Geographers, Vol. 49, 1959, p. 223-31. 
399 
Jalan R. K., Sushil and Srivastava V. K., "The emerging priority for disposal, use and 
recycling of MSW in India", Journal of Waste Management, April 1995, p. 17-18. 
Rao, Jeevan, K. and Shantram, M. V., "Ground water pollution from Refuse Dumps at 
Hyderabad", Indian journal of Environmental Health, Vol. 37, No.3, 1995, p. 197-
204. 
Kao, J. F., When, C. G. and Cheng, S. S., "Water pollution of Chi-Shui River in 
Taiwan, Water pollution, Control Dev. Countries", Proc. Inst. Conf, 1978, p. 1-125. 
Kandlikar, M. and Ramachandran, G. "The Causes and Consequences of Particulate 
Air Pollution in Urban India: A Synthesis of the Science", Annual Review of Energy 
and the Environment 25(1), 2000, p. 629-684. 
Karan, P. P., "Patna and Jamshedpur" Geographical Review of India, Vol. 14 1952, 
p. 107-13. 
Karan, P. P., "The Pattern of Indian Towns: A study in Urban Morphology", Journal 
of American Institute of Planners, Vol. 23, 1957, p.70-75. 
Kam, S. K., and Harada, H., "Surface Water Pollution in three Urban Territories of 
Nepal, India, and Bangladesh", Environmental Management, Vol. 8, No. 4, 2001, p. 
483-496. 
Kassomenos, P. et al., "Analysis of Climatological and Air Quality Observation from 
Greater Athens Area", Atmospheric Environment, Vol. 29, No. 23, 1995. 
Kathuria, V. "Vehicular Pollution Control in Delhi", Economic and Political Weekly, 
40: 2005, p. 1907-1915. 
Kennedy S. M., Chambers R, Du W and Dimich-Ward H., "Environmental and 
Occupatiuonal Exposure: do they affect Chronic Obstructive Pulmonary Disease 
differently in Women and Men", Proceedings of the American Thoracic Society 4 (8), 
2007, p. 692-4. 
Kierman, V., "Noise Pollution robs kids of Languages Skills", New Scientist, May 10, 
1997, p. 5. 
Kumar, N., Foster, A. D., "Have CNG Regulations in Delhi done their Job", 
Economic & Political Weekly, Dec 22, 2007, p. 52. 
Kumar, S., Gaikwad, S. A., Shekdar, A. V., Kshirsagar, P. S. and Singh, R. N., 
"Estimation Method for National Methane Emission from Solid Waste Landfills", 
Atmospheric Environment, 38, 2004, p.?481-3487. 
Kolijam, K. K., "Noise Pollution in Urban Areas of Imphal Valley", Indian Journal of 
Environmental Protection", Kalpana Corporation, Varanasi, Vol. 18, No. 3, 1998, 
p.215-217. 
Leech, J. A., Nelson, W. C, Burnett, R. T., Aaron, S. and Raizenne, M. E., "It's about 
time: a comparison of Canadian and American time-activity patterns". J Expo Anal 
Environ Epidemiol, 2, 2002, p. 427-432. 
400 
Lokeshwari, H., "Concentration of Heavy Metals in Urban Air bom RSPM (PMio) of 
Bangalore city", Indian Journal of Air Pollution Control, Vol. VI, No. 2, 2006, p. 15-
21. 
Luis F. Diaz, George M. Savage and Linda L. Eggerth, "Managing Solid Wastes in 
developing Countries" Journal of Waste Management, October 1997, p. 43 - 45. 
Maiti, S. and Agarwal, P. K., "Environmental Degradation in the context of Growing 
Urbanization: A Focus on Metropolitan Cities of India", Journal of Human Ecology, 
17 (4), 2005, p. 277-287. 
Mehta, S. K., "Pattern of Residence in Poona", JS, 73, 1968, p. 37-41. 
Mukhopadhyay, B. K., and Roy, A. K., "A study on some standard mathematical 
modeling on automobile and environmental pollution in the city of Kolkatta", 
International Journal of Environment and Pollution, Vol. 28, No. 1/2, 2006, p. 198-
215. 
Molina, M., and Molina, L. "Critical Review: Megacities and Atmospheric Pollution", 
Journal of the Air and Waste Management Association, 54: 2004, p. 644-680. 
Morello, J., "Urbanization and the Consumption of Fertile Land and Other Ecological 
Changes: the case of Buenos Aires", Environment and Urbanization, Vol.12, No.2, 
2000, p. 119-131. 
Nagdeve, D. A., "Environmental Pollution and Control: A Case Study of Delhi Mega 
City", Population and Environment, (25): 5, 2004, p. 461-473. 
Nagdeve, D. A., "Urban Air Population and its Influence on Health in India", 
Population Envis Bulletin, (1): 3, 2004, p. 3-8. 
Nagi, G. k., Dhillon, M. K. and Dhaliwal, G. S., "Extend of Noise Pollution from 
Householg Equipment and Appliances", Indian Journal of Ecology, 20(2): 1993, p. 
152-156. 
Nirjar, R. S., "A Study of Transport related Noise Pollution in Delhi", IE (I) Journal-
£7^, Vol. 84,2003, p. 6-15. 
O'Campo, P., Rao, R. P. and Gielen, A. C , "Injury-producing events among children 
in low-income communities: the role of community characteristics". Journal of Urban 
Health. 2000, 77, p. 34-49. 
Parkhi, S., "Solid Waste Management- An urban Environmental Challenge", Indian of 
Regional Science, Vol. XXXVIII, No.2, 2006, p. 128-131. 
Preston, C. A., "The Impact of Urbanization on Water Quality in the Lane Cove 
River, Sydney, New South Wales: A Comparison of Urban and Non-Urban 
Catchments", Geographical Studies, 33 (1), 1995, p. 19-30. 
Rabe, K. F., Hurd, S. and Anzueto, A., "Global Strategy for the Diagnosis, 
Management, and Prevention of Chronic Obstructive Pulmonary Disease: GOLD 
Executive Summary". Am. J. Respir. Crit. Care Med. 176 (6): 2007, p. 532-55. 
401 
Ravindra, K., Wauters, E., Taygi, S., More and Grieken, R. V., "Assessment of Air 
Quality after the Implementation of CNG as Fuel in Public Transport in Delhi, India" 
Environmental Monitoring and Assessment, 115, 2005 p. 405—417. 
Raza, M., "Urbanization in Pre-historic India", The Geographer, Vol. 3, 1951. 
Richmond, B. T., "Air Pollution in the World's Megacities", Environment 36(2), 
1994, p. 4-13. 
Razaque, S. " Noise Pollution and Human Performance"-An Analytical Study, 
Journal of Human Ecology, Kamla Raj Enterprises, Delhi, Vol. 10, No. 3, 1999, p. 
224. 
Setchell, C. A. "The Growing Environmental Crisis in the World's Mega Cities: the 
Case of Bangkok", Third World Planning Review, 17 (1), 1995, p. 1-8. 
Schell, L. M., and Denham, M., "Enviroimiental Pollution in Urban Environment and 
Human Ecology", Annual Review of Anthropology, Vol. 32, 2003, p. 111-134. 
Schemhammer, E. S., Schulmeister, K., "Melatonin and cancer risk: does light at 
night Compromise physiologic cancer protection by lowering serum melatonin 
levels", Br J Cancer, 90(5)2004, p. 941-943. 
Sen, A. K., "Techniques of classifying the functional zones of a city", GRI, 21, 1959, 
p. 37-41. 
Singh, B., "Urban Morphology of Patiala, Punjab", Geographical Review of India, 
Vol. 33,1971, p. 273-86. 
Singh, P., "Noise Pollution", Every Man's Science, 251 (1&2), 1984, p.231-35. 
Singh, R. B., "Urbanization, Environmental Crises and Urban Planning in India", The 
Geographer, Vol. XLIV, No. 2, p. 5-23. 
Singh, R. B. and Kumar, B., "Spatial Variability of Anthropogenic Influences on 
Atmospheric Chemistry in Indian Mega Cities", Geographic Review of India, Vol. 55, 
No. 1, p. 22-23. 
Singhal, S. and Pandey, S., "Solid waste management in India - Status and future 
directions", TERI Information monitor on Environmental Science, Vol.6, No.l, 2001, 
p. 1-4 
Singh, R. B., Kumar, B and Singh, A., "Mapping Environmental Stress in the Context 
of Land Use Changes and Urban Sprawl in Delhi Metropolitan Region", The 
Geographer, Vol.49. No. 2, 2002, p. 44-60. 
Singh, A. L., Fazal, S. "Urban Sprawl Mapping Using Remote Sensing and GIS 
Techniques- A case Study of Aligarh City, India", The Geographer, Vol. 49, No. 2, 
2002, p. 26-43. 
Singh, N., and Davar, S. C , "Noise Pollution- Source, Effect and Control", Journal of 
Human Ecology, 16 (3), 2004, p. 181-187. 
402 
Singh, R. B., Kumar, B. and Singh, A., "Mapping Environmental Stress in the 
Context of Land Use Changes and Urban Sprawl in Delhi Metropolitan Region", The 
Geographer, Vol. 49, No. 2, 2002, p. 44-60. 
Singh, R. L., and Singh, K. N., "Development of Twin Township of Dehri-
Dalmianagar", National Geographic Journal of India, Vol. 2, Part 3, 1956, p. 121-
127. 
Slini, T., Karatzas, K. and Papadopoulos, A., "Regression Analysis and Urban Air 
Quality Forecasting: An Application for the City of Athens", Global NEST 4 (2-3), 
2002, p. 153-162. 
Shaw, M., "Housing and Public Health", Annual Review of Public Health, 2004;25: p. 
397-418. 
Shekdar A. V., Krishnaswamy K. N., Tikekar V. G. and Bhide A. D., "Long Term 
Planning for Solid Waste Management in India" Journal of Waste Management and 
Research, 1991, No. 9, p. 511-523. 
Thomson, H., Morrison, D. and Petticrew, M., "Health Effects of Housing 
Improvement: Systematic Review of Intervention Studies", British Medical Journal, 
2001, 323, p. 187-190. 
Takeuchi, A., Cropper, M. and Bento, A., "The Impact of PoUcies to Control Motor 
Vehicle Emissions in Mumbai, India", Journal of Regional Science 47(1), 2007, p. 
27-46. 
Takaro, T.K., Krieger, J.W. and Song, L., "Effect of Environmental Interventions to 
Reduce Exposure to Asthma Triggers in Homes of Low-Income Children in Seattle", 
J Expo Anal Environ Epidemiol, 2004,14:S133-S143. 
Varshney, C. K., "Water Pollution in Delhi Lakes", Aquatic Science-Research Across 
Boundaries, Vol.33, No.l, 2006, p. 114-116. 
Yhdego, M. "Urban Solid Waste Management in Tanzania: Issues, Concept and 
challenges". Resource, Conservation and Recycling, 14, (1), 1995, p. 1-10. 
Zhao, J., Takamura, M., Yamaoka, A., Odajima, Y. and likura, Y., "Altered 
Eosinophil Levels as a Result of Viral Infection in Asthma Exacerbation in 
Childhood". Pediatr Allergy Immunol, 13 (1): 2002, p. 47-50. 
Zock, J. P., Jarvis, B., Luczynska, C , Sunyer, J. and Bumey, P., "European 
Commvmity Respiratory Survey 2002: housing characteristics, reported mold 
exposure, and asthma in the European Community Respiratory Health Survey", J 
Allergy Clin Immunol, 2002; 110:285-292. 
403 
MEMOIRS AND REPORTS 
Air Quality Status and Trend in India, NAAQMS/14/1999-2000, CPCB, MoEF, 2000. 
Air Quality in Delhi (1989-2000) NAAQMS Series, NAAQMS/17/2000-01, March 
2001, CPCB, MoEF. 
Allaoui, K., Long term Finance for Water Projects: The IDE's Approach, Presented at 
the International Conference of Water and Sustainable Development, Paris, March 19-
21,1998, p. 1-7. 
Ambient Noise Level Status in Delhi during 1995-1999, CUPS/51/2000-2001, CPCB, 
MoEF. 
Ansari, J. H., "Solid Waste Management in Delhi-Need for Partnership 
Arrangement", Congress paper, 27* National Congress, 19-22 September, Dept. of 
Lands, Planning and Environment, 1999, p. 1-13. 
Annual Report (2001-2002), CPCB, MoEF, New Delhi. 
Annual Report of Delhi. 2004-2005, CPCB, MoEF, New Delhi. 
A Report on Ambient Noise Level and Air Pollution during Deepawali Festivals in 
Delhi, CUPS/ 47/99-2000, CPCB, MoEF, New Delhi. 
Assessment of Status of Municipal Solid Waste Management in Metro cities and State 
Capitals, Control of Urban Pollution, CUPS/65/2006-2007. 
Bio-Medical Waste Management-Case Study NCT of Delhi, LATS/17/2004-2005, 
CPCB, MoEF, New Delhi. 
Birgitta, B., and Lindvall, H., A Draft Document of Community Noise, 
Environmental 
Health Criteria 12, World Health Organization, Geneva, 1995. 
Britten, R. H., Brown, J. E. and Altman, I., "Certain Characteristics of Urban Housing 
and Their Relation to Illness and Accidents: Summary of Findings of the National 
Health Survey", Milbank Memorial Fund Quarteriy, Vol. 18,1940. 
Brush, J., "Elite Residential Colonies", Mimeographed, Dept. of Geography, Rutgers 
University, New Jersey, 1975. 
Central Ground Water Board, 1996, Development and augmentation of groundwater 
resources in national capital territory of Delhi. Unpublished report, Central Ground 
Water Board, New Delhi. 
"Status of Solid Waste Generation, Collection, Treatment and Disposal in Metro 
Cities", Central Pollution Control Board, 1999, New Delhi. 
C. Michael Hogan and Gary L. Latshaw, The Relationship between Highway 
Planning and Urban Noise, Proceedings of the ASCE, Urban Transportation 
Division, Chicago, Illinois, May 21-23,1973. 
404 
Cointreau-Levine, S., "Environmental Management of Urban Solid Waste in 
Developing Countries", A Project Guide for the World Bank Staff, 1982. 
Cunningham, A., Archeological Survey of India Report, Vol. I, 1857. 
CSE Draft Dossier: Health and Environment, Environment and Disease, Noise 
Pollution: Deafening Decibels. 
Delhi Environmental Status Report, Dept. of Environment, Govt, of NCT, New Delhi, 
2000. 
Delhi Urban Environment and hifrastructure hnprovement Project, Dept. of 
Environment, Govt, of NCT of Delhi, 2001. 
Economic Survey of Delhi 2005-2006, Govt, of NCT of Delhi. 
Economic Survey of Delhi 2007-08, GNCT of Delhi, New Delhi. 
Environment Protection Agency (EPA), The Quality of Nation's Water, 1994, 
Washington, D.C., EPA, Dec. 1995, p. 209. 
Gupta, S. K., "Partnership for Change: Bringing Stakeholders together to Manage 
Solid Waste in a Low hicome Community in Delhi", CWG Workshop, Paper No. 12, 
Dar es Salaam, March 2003. 
hnperial Gazetteer of India, Oxford, Vol. XI, 1908, p. 233. 
India: State of the Environment 2001, Hazardous Waste: Special Reference to 
Municipal Solid Waste. 
Kokaz, K., Rogers, P., "Urban Transportation Planning for Air Quality Management: 
Case Study in Delhi, India, of Role of Social and Economic Costs in Welfare 
Maximization of Mobility Choice", Transportation Research Record No. 1817, 
Transportation Planning and Analysis, New York, 2002. 
Lyons, R. A., Sander, L. V., Weightman, A. L., Patterson, J. and Jones, S. A., Rolfe, 
B., "Modification of the home environment for the reduction of injuries", Cochrane 
Database Syst. Rev. 2003; 4:CD003600. 
Reportof Indian Archeology, 1971-72. Govt, of India, 
Report of the Environmental Hygiene Committee, Ministry of Health, New Delhi. 
Manual on Municipal Solid Waste Management (First Edition January 2000) prepared 
by Expert Committee, Constituted by Ministry of Urban Development, Government 
of India. 
MCD Background Note on Conservancy and Sanitation Engeering Report, 2001. 
NEERI Report "Strategy Paper on Solid Waste Management in India", 1996, p. 1-7. 
Millan, M. M., "Mesometeorological Cycles of Air Pollution in the Iberian 
Peninsula", EEC Air Pollution Research Report, Vol.444,1993. 
Niemczynowicz, J., Wasted Water, UNESCO Sources, No. 84,1996, p. 8. 
405 
Primary Census Abstract (2001), Series 1, Registrar General &Census Commission, 
Total Population Table A-5, India, 2004. 
Sarkar, P., "Solid Waste Management in Delhi - A Social Vulnerability Study" in 
Martin J. et al (Ed.), Proceedings of the Third International Conference on 
Environment and Health, Chennai, India, 15-17 December, Department of 
Geography, University of Madras and Faculty of Environmental Studies, Chennai, 
2003, p. 451-464. 
Senate Public Works Committee, Noise Pollution and Abatement Act of 1972, S. Rep. 
No. 1160, 92nd Cong. 2nd session. State of Envirormient Report for Delhi 2001, 
Dept. of Environment, Govt, of NCT of Delhi, 2001. 
State of Environment Report for Delhi 2001: Key Environmental Concerns. 
Srishti, Report on Recycling Responsibility Traditional Systems and New Challenges 
of Urban Waste Management in India, 2002. 
Status of Municipal Solid Waste Generation Collection, Treatment and Disposal in 
Class-1 cities, ^&\QS ADSORBS/31/1998-20Q0, MoEF, CPCB. 
Solid Waste Management in MCD Area. National Environmental Engineering 
Research Institute (NEERI) Nagpur, 1996. 
The Capital Story, Hindustan Times, March 10,2002. 
The Energy Research Institute (TERI), Report No. 1999 EE41 (March 2002). 
Towards Cleaner Air - A Case Study of Delhi, Dept. of Environment, Govt, of NCT 
of Delhi &. Delhi Pollution Control Committee, 2005. 
UNICEF, Assignment Children, No. 61/62,1983. 
Vehicular Pollution Control in Delhi, initiative & impacts, NAAQMS/18/2001-2002, 
October 2001, CPCB, MoEF. 
Water Quality Status of Yamuna River, ADSORBS/32/1999-2000, CPCB, Mo EF. 
Water Quality Status of Yamuna River, ADSORBS/41/2006-2007, CPCB. 
Water Quality Status of Yamuna River, Series: ADSORBS/32/1999-2000, CPCB, 
MoEF, New Delhi. 
Water Quality in India (1999-2000), MINARS/20/2001-2002, MoEF, CPCB, New 
Delhi. 
Water Quality Status of Lakes & Reservoirs in Delhi, ADSORBS/37/2001- 2002, 
CPCB, MoEF. 
Water Quality Status of Lakes & Reservoirs in Delhi, Assessment and Development 
s.\xAy, ADSORBS/37/2001-2002, CPCB, MoEF. 
Water Quality Status of Lakes & Reservoirs in Delhi, Series 
ADSORBS/37/2001/2002, CPCB, MoEF. 
406 
White Paper on Pollution in Delhi with an Action Plan, MoEF, Paryavaran Bhawan, 
New Delhi, 2003. 
World Bank, For a Breath of Fresh Air: Ten Years of Progress and Challenges in 
Urban Air Quality Management in India 1993-2002. New Delhi: Environment and 
Social Development Unit, South Asia Region, 2005. 
WHO, Tech. Rep. Ser., No. 225,1961. 
WHO, Tech. Rep. Ser., No. 544,1974. 
World Health Organization, "Our Planet, Our Earth", Report of the WHO 
Commission on Health and Environment, Geneva, WHO, 1992, p. 106-144. 
World Health Organization, Health and Environment in sustainable development, 
Geneva, WHO, 997, p. 19-133. 
407 
